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1.0 INTRODUCTION

This report summarizes the analytical interpretation of hydraulic tests for Magma Copper
Company’s (Magma) in-situ mining project near Florence, Arizona. The purpose of this report is
to provide estimates of hydraulic conductivity and storage, in support of Magma’s site
characterization. This report supersedes a previous submittal entitled “Data Report for the Initial

Hydraulic Tests Interpretation” by Golder Associates (1995).

The analyses presented in this report are based on standard methods developed in the water well and
oil and gas industries. These methods are applied to data collected and provided by Brown and
Caldwell as part of the Aquifer Protection Permit application on behalf of Magma. A number of
tests performed by Magma personnel during early 1994, as part of the prefeasibility study, are also
interpreted. Interpretation of the field data is performed with FLOWDIM™ (Golder Associates,
1993) and AQTESOLV™ software (Geraghty & Miller, 1995).

This report is divided into four major sections. First, Chapter 2 provides a brief description of the
analysis techniques used in this study, Golder (1995) presents a detailed account of the theoretical
background of these analytical techniques. Second, a discussion of each aquifer test and its results
is presented in Chapter 3. Chapter 4 presents a summary of findings, and Chapter 5 presents
recommendations for future characterization studies at the Florence Site. Tables summarizing

relevant test information for these analyses are provided after Chapter 5.

Golder Associates
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1.1 Background

Magma has undertaken field studies to characterize the hydrogeologic conditions near its proposed
in-situ mining site in the Poston Butte porphyry copper deposit. The proposed mine site is located
in the Basin and Range physiographic province of southern Arizona, in the Eloy sub-basin of the
Pinal Active Management Area (AMA). The site is about one mile southwest of Poston Butte and
two miles northwest of the town of Florence, Arizona, on the margins of the floodplain of the Gila

river.

The rock units in the study area range in age from Precambrian to Quaternary. The floodplain
alluvium is Quaternary in age and consists mainly of unconsolidated silt, sand, gravel and boulders.
The Cenozoic basin fill deposits have been divided into three major units; the Upper Basin Fill Unit
(UBFU), Middle Fine Grained Unit (MFGU), and Lower Basin Fill Unit (LBFU). The UBFU is
composed of unconsolidated to weakly cemented, interbedded clay, silt, sand, gravel and boulders.
Its thickness ranges from 200 ft to about 500 ft in the vicinity of the mine site. The MFGU is a
discontinuous layer composed of silt and clay that varies in thickness from zero to about 80 ft.
Weakly to moderately cemented boulders, gravel, sand, silt and clay constitute the LBFU. The
thickness of this latter unit varies from less than 50 ft on the east to about 800 ft on the west of the
mine site. The bedrock complex consists of quartz monzonite and granodiorite porphyry, diabase,
basalt and other volcanic rocks. The bedrock is subdivided into an upper oxide zone and a lower

sulfide zone depending on copper mineralization (Brown and Caldwell, 1995).

Brown and Caldwell has installed forty six (46) monitoring wells and seventeen (17) test wells
around the site (Figure 1). Eight (8) wells are completed within the UBFU, seventeen (17) within
the LBFU and thirty eight (38) within the bedrock complex. Magma requested that Golder
Associates assist Brown and Caldwell with the design and interpretation of the hydraulic tests.
Magma Copper conducted seven (7) aquifer tests as part of their prefeasibility study during early

1994. To date, Brown and Caldwell has conducted twenty six (26) aquifer tests which include

Golder Associates
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monitoring, observation and pumping wells. These tests result in forty nine (49) aquifer test
locations and 121 data sets from pumping and observation wells. These locations cover a wide range

of hydrogeologic conditions throughout the site.

The objective of these tests was to determine the hydraulic properties of the geologic materials in
the vicinity of the Poston Butte copper deposit. Specific questions related to the flow character and
potential interaction between fluids of the different geologic units were addressed in the field
characterization effort. Chief among these questions were: (1) Differentiation between porous media
flow and flow dominated by discrete geologic features such as faults and fractures, and (2)
Determination of the degree and mode of hydraulic communication between the basin fill deposits
and the oxide zone. The following sections present a brief description of the analytical models used,

methods of interpretation applied, and the results of this parameter estimation study.

Golder Associates
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2.0 INTERPRETATION METHODS

Aquifer testing through wells provides a means of estimating the properties of geologic formations.
In the process of a well test, a known signal (usually a change in flow rate) is applied to the
formation and the resulting output signal or response is measured (usually in terms of a change in
pressure). Well test interpretation is therefore an inverse problem, in that the formation parameters
are inferred by comparing a simulated model response to the measured response. The formation
parameters are derived by adjusting the flow model parameters to obtain a simulation response that
matches the measured data. There can be significant ambiguity and non-uniqueness involved in this
process as more than one flow model with different physical assumptions and attributes may match

the data.

The overall methodology for the well test analysis of the Florence Project data is summarized as

follows:
> the data set was divided into its major components, such as the drawdown period and
the shut-in or recovery period;
> appropriate parts were then analyzed separately, with different methods of analysis
for flow periods and shut-in periods;
> the analyses of the different periods were checked for consistency.

A hydraulic test analysis involves the selection of an appropriate flow model. These models are

generally divided into three basic components:

> inner boundary conditions (i.e., wellbore storage and skin effects, and fracture flow

effects);

Golder Associates
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> formation flow component (i.e., homogeneous formation, dual porosity, and

composite model);

> outer boundary conditions (i.e., infinite extent condition, no flow or constant pressure

conditions).

In practice, recognition of a suitable model is performed using diagnostic plots. The data are plotted
in different coordinate systems (such as, log-log plots, semi-log Horner plots, etc.) to help the analyst
identify the appropriate model from the shape of the data. One key diagnostic plot is the derivative
plot where the derivative of the pressure with respect to the natural logarithm of elapsed time is
plotted against the log of time. The pressure derivative is extremely sensitive to the shape of the
pressure data and, as such, constitutes one of the most useful tool for diagnostic purposes (Bourdet
et al, 1983). For example, a horizontal line on a derivative plot indicates infinite-acting radial flow

behavior whereas a minus one-half slope indicates three dimensional flow.

It is worth noting that, while the different flow dimensions are easily detected through the pressure
derivative approach, identification of the physical conditions which yield such dimensionality is
typically not straight forward. For example, three-dimensional flow may result from partial
penetration, semiconfined conditions or from a highly interconnected fracture network. In order to
discriminate among these possibilities, detailed hydraulic testing may need to be conducted. The
following paragraphs present a brief summary of the data interpretation methodology and techniques
applied to the field data from the Florence Site.

2.1 Analysis of Drawdown Period

Most of the tests conducted to date were designed as constant, single discharge tests. In some tests

the discharge rate oscillated around a stable value. When a well defined drawdown was achieved
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during the pumping period, the available data from the Florence Site were analyzed assuming a

constant discharge test. Otherwise, the data were not used in the interpretation.

In an analysis of the main flow period, the source signal is assumed to be in the form of an
instantaneous pressure change from undisturbed static conditions. The data for this flow period is
the measured hydraulic head decrease that results from fluid being extracted from the formation.

The analysis used a simple set of type curves which correspond to a single interpretation model

with:
> inner boundary condition: wellbore storage and skin;
> formation: homogeneous; and
> outer boundary condition: infinite lateral extent.

Only one of two parameter sets can be determined from this analysis: either hydraulic conductivity
and wellbore skin (the static water level being an input parameter for this analysis), or hydraulic
conductivity and porosity. The best fit of the data to the type curves, therefore, corresponds to
finding the optimum set of the two output parameters. For a more detailed description of the theory
and methodology of well test analysis, the reader is referred to “Data Report for the Initial Hydraulic
Tests Interpretation,” Golder (1995).

2.2 Analysis of Shut-in (Recovery) Period
The analysis of recovery or shut-in periods is usually based on the assumption that the shut-in period

corresponds to an event of no pumping where water levels are allowed to return to their pre-stressed

level. If the flow rate history prior to the shut-in period is variable, then this flow history can be
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included in the analysis by using the superposition of a number of different but constant flow rates

of different durations.

Data from shut-in periods are examined in both log-log and semi-log diagnostic plots. This approach
allows the analyst to review the characteristics of the shut-in period. For example, when the effects
of the pre-test injection/extraction flows during drilling are significant, the shut-in pressure data
reach a peak, and decline at late time. This form of data is referred to as a ‘rollover’ and can be
easily diagnosed on the log-log and semi-log plots. The log-log and the semi-log diagnostic plots
are also used to fit selected portions of the shut-in data with appropriate straight lines and obtain

initial estimates of formation parameters.

After the flow model has been selected, the quality of the fit of the data to the model response (called
‘type curve’) can be adjusted by using automated regression methods. During this stage of the
analysis, the entire data set from the selected shut-in period is considered. However, during the final
regression stages, emphasis is always placed on the fit of the type curve to specific portions of the
data. Judgment of the relative goodness of fit to specific portions of the shut-in data comprises one
of the most important aspects of the automated data fitting procedure. Once a suitable and consistent
fit between the drawdown data and the type curve is obtained, the fit is reviewed by plotting the

drawdown derivative and improving the match.

After the flow model has been selected and a consistent set of analysis results obtained, a sensitivity
analysis can be conducted. This exercise is designed to quantify the likely uncertainty in the
estimated hydraulic conductivity. When carried out, as in the case of some of our AQTESOLV
interpretations, it helps to determine the range of the parameter within which, a reasonably good fit
is retained between the model response and the data. As shown in a latter section, the range of this

parameter reflects large uncertainty in the AQTESOLYV analyses.

Golder Associates
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2.3 Analytical Models

Two different models were used for interpreting the hydraulic tests at the Florence Site; (1)
FLOWDIM, ahomogeneous confined aquifer model which accounts for flow dimensionality (2D
or 3D) and borehole storage effects, and (2) a two-dimensional, semiconfined aquifer model which
accounts for storage in the semiconfining layers (leaky aquifer) and borehole storage. This latter

model is one of many choices in the commercial package AQTESOLYV.

It is important to note that the analytical approach taken by these two software packages is
significantly different. FLOWDIM uses curve matching techniques which rely heavily on the
pressure derivative approach (Bourdet et al, 1983), whereas AQTESOLYV relies on a more traditional
curve matching approach which uses only the drawdown versus time data. Although the FLOWDIM
approach significantly improves parameter resolution and reduces the non-uniqueness of the
estimation, the number of aquifer models and outer boundary conditions implemented within

FLOWDIM is currently limited.

The leaky aquifer model of Moench (1985) was fitted with AQTESOLYV to several data sets. This
model utilizes four aquifer parameters: transmissivity (T), storage coefficient (S), a dimensionless
parameter that accounts for the leakance from semi-confining layers above and below the tested
interval (B), and a “leakance factor” (r/B). At the Florence site this semiconfining condition may
result from the MFGU separating the UBFU from the LBFU. For the pumping well, the leaky
aquifer model includes the effect of wellbore storage, using two additional parameters; wellbore

storage (o), and skin factor (S,,).

The drawdown data from several aquifer tests were modeled as a confined aquifer using FLOWDIM.
Available geologic information for the site indicates that the local aquifer may vary from confined,
to semiconfined to confined depending on the interaction between the basin fill deposits and the

oxide zone. However, in cases where drawdown is small relative to the saturated thickness, the
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aquifer response of an unconfined aquifer model can be closely approximated by that from a
confined aquifer model. Many of these tests were performed in wells whose screen length is small
relative to the saturated thickness, a condition know as partial penetration, causing the drawdown
to resemble a that from a three-dimensional flow model. This interpretation accounts for vertical,
as well as horizontal flow into the wellbore, but still assumes a homogeneous and isotropic porous
media. It is our opinion that, in cases where the geologic information is inconclusive with regard
to aquifer conditions, and due to the significant influence of nearby pumping, the “best” conceptual
model for the aquifer can not be established with certainty given the present field data. It is
important to recognize, however, that three-dimensional flow may be induced by geologic structure

controls, aquifer heterogeneity and the spatial arrangement of the wells.

As discussed in Chapter 3.0, due to the method of interpretation used by AQTESOLYV, the resulting
parameter estimates are strongly non-unique. Also, based on the parsimony principle, a two-
parameter model that explains the field data and results in realistic parameter estimates, should be
preferred over a six-parameter model that equally reproduces the data. Several data sets are
interpreted with both AQTESOLV and FLOWDIM, while some others are subject to multiple
AQTESOLYV interpretations. Whenever possible, based on geologic information, the parameter set
that is thought to best represent the field setting is selected. Although in some cases the
semiconfined model may be appropriate, non-uniqueness in the parameter estimate renders the
AQTESOLY interpretation uncertain. As shown in a later section, FLOWDIM and AQTESOLV
estimates of hydraulic conductivity are sometimes close to each other. It is our contention that for
a given data set, FLOWDIM analysis yields a unique set of parameters, while the AQTESOLV
parameters are strongly non-unique. Combination of the pressure derivative approach with the

semiconfining model will significantly enhance the parameter estimation process.
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3.0 TEST INTERPRETATION RESULTS

This section provides a description of the conditions during each aquifer test, general comments on
the quality of the data, and estimates of hydraulic parameters resulting from the analytical
interpretation. Two critical pieces of information during any hydraulic test program are; (a) the
behavior of the static water levels before the test is started, and (b) the location of nearby active wells
and their pumping rates and duration of pumping periods. In most cases, neither of these data are
available for the Florence aquifer tests. A precise interpretation aquifer tests which show the effect
of agricultural pumping may not be possible. Depending on the pumping rate of these wells, their
stage on the drawdown cycle, and their proximity to the observation wells, their effect on the

hydraulic parameter estimates may be significant.

In some cases, aquifer heterogeneity, abrupt changes in the pumped well discharge rate, and the
effect of nearby agricultural wells, complicated the interpretation of the drawdown and recovery
data. To the extent permitted by the data, an attempt was made to distinguish between effects
produced by geologic controls and those produced by the cycling of nearby agricultural wells. The
available information about the hydraulic tests conducted at the Florence Site to date is summarized
in Table 1. Included in this table are the name designations of the wells participating in a given test,
starting and ending date of the test, and available information regarding geologic formation tested,

location of screened interval and the availability of drawdown and discharge rate data during the test.

Table 2 presents a summary of the hydraulic conductivity and storage and specific storage estimates
resulting from our interpretation. Also included in this table is the name of the formation tested, and
comments and qualifiers on the conductivity estimates. The available data are classified into three
different categories; poor, fair, and good. A poor data set is one that fits the type curve only in a
general sense. These tests indicate strong effects of agricultural wells cycling and/or displayed a

noisy signal resulting from other un-identify conditions. The estimated hydraulic conductivity
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interpreted from these tests should be used with caution. A fair data set represents a test with some
uncertainty, mainly due to nearby pumping. A good data set results in a hydraulic conductivity that

is deemed to be a close representation of the formation conductivity.

In the case that the drawdown due to nearby pumping is significant, the analytical interpretation of
the field data will underestimate the formation hydraulic parameters. Conversely, if the agricultural
pumping has recently ceased, and the rate of recovery of its drawdown cone is significant in
comparison to the drawdown rate produced by a particular test, the analytical interpretation will

overestimate the hydraulic parameters of the hydrogeologic units.

Table 3 summarizes the state plane coordinates and elevations above mean sea level (AMSL) of the
forty-nine (49) unique well locations for which hydraulic conductivity estimates were obtained. It

also includes the elevation AMSL of the screen interval mid-point, as well as, the screen length.

Interpretation results from FLOWDIM analyses are presented in two figures, the first summarizes
relevant test information, and provides the value of hydraulic conductivity, and the second presents
a log-log plot displaying the match between the field data and the analytical model (circles), and the
match between the derivative of the field data and that from the analytical model (triangles). Results
from AQTESOLYV interpretations are presented in a single figure which includes both a log-log
diagram of the data and the analytical model selected, a summary of relevant test information, and

the parameter values for the particular model.

The following paragraphs offer a cursory description of test conditions and hydraulic parameter
estimates for each test. A number of these tests had no usable drawdown data and are so noted in
the text. The tests are discussed in alphabetical order using the pumping well identification and
starting with tests conducted on the monitoring wells. The first few tests are discussed in detail to
provide the reader with a basis for understanding the remaining test interpretations. Detailed

discussion for unique and interesting tests is given as warranted by test response.
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Aquifer Test in M1-GL

This constant rate test involved a single well, located just southwest of the proposed in-situ mine
area, with a discharge of 10 gallons per minute (gpm). Well M1-GL is a borehole completed within
the lower basin fill unit (LBFU) in an area where the MFGU is thought to occur (Brown and
Caldwell, 1995). The screen interval is located between depth 315 ft and 355 ft from the surface.
Top of the oxide zone in the vicinity of well M1-GL is reported to be about 1,000 ft below ground
surface (bgs). Nearby agricultural wells BIA-9 and BIA-10B were reported to have been active
during the test. The test response shows a slight “recovery” of the hydraulic head (after about 10
minutes) during the test (Figure 1A). Final recovery of the hydraulic head resulted in a water
elevation higher than the elevation reported at the beginning of the test, indicating that the observed
hydraulic response maybe a superposition of more than one stress on the aquifer (namely, the

transient effects from wells BIA-9 and BIA-10B).

AQTESOLYV was used to interpret the data from this test. Figure 1B shows the log of drawdown
versus the log of time and the dimensionless type curve of a leaky aquifer model with wellbore
storage. This figure shows the transient effects produced by nearby pumping, as indicated by the
poor match between data and type curve just before drawdown stabilization. The hydraulic
conductivity estimate is 3.6 ft/day based on a screened interval of 40 ft. The aquifer storage
coefficient estimate for this test is 1.3 x 10. Also shown in Figure 1B are the 1/B, B, Sw, and o

parameters.

FLOWDIM analysis (Figure 1D) of these data indicates that a homogeneous, isotropic aquifer
model under three-dimensional flow may also reproduce the observed behavior. Note, however, that
at about 9 minutes into the test (see Figure 1A) the drawdown starts to decrease, as indicated by the
sharp drop in the pressure derivative (triangles). The estimated hydraulic conductivity in this
analysis is 7.3 ft/day with a specific storage of 1.8 x 10 1/ft (Figure 1C). Clearly from the log-log

plot, the pressure derivative shows that the data collected after 0.15 hours is affected by nearby
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pumping and that the reliability of this test is low. In contrast, when only the drawdown is
considered, as in the AQTESOLYV approach (Figure 1B), one may be misled to accept this otherwise

poor data set. The overall fit of the type curve is poor, rendering these estimates uncertain.

Aquifer Test in M2-GU

As is evident in the semi-log plot of drawdown versus time (Figure 2A), although the test lasted

more than 1,000 minutes, none of the data sets recorded are usable.

Aquifer Test in M3-GL

Aquifer tests in monitoring well M3-GL (Figure 3A) involved wells M2-GU, M4-O and M5-S as
observation points. These wells are located about 1,700 ft southeast of the proposed in-situ mine
area. Average discharge from M3-GL during this test was reported at 10 gpm. Well M3-GL is
completed in the Lower Basin Fill Unit, while M2-GU and M4-O are completed in the UBFU and
the oxide zone, respectively. Irrigation Well ENGLAND #3 was on during the test but no
information regarding its pumping rate is available. Observation wells M2-GU and M5-S showed
recovery after 100 minutes into the test (Figure 3A). The hydraulic response for wells M2-GU and
M4-0 is minimal and quite erratic. This small response between M2-GU, M3-GL and M4-O may
indicate a limited hydraulic connection between the Lower and Upper Basin Fill Unit and the oxide
zone in this area. After shut in of well M3-GL, observation wells M2-GU and M4-O, and M3-GL
itself, showed a slight recovery and then began to drop off again which may be the effect of cycling
of agricultural pumping. The hydraulic response of well M5-S appears completely independent of
pumping on well M3-GL. Due to these conditions, the response from the observation wells was not

interpreted.
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Data interpretation for the drawdown data from this test was accomplished by means of a 2D
homogeneous model using the leaky aquifer model. Only the drawdown data were used for this
interpretation. The overall fit of the data to the selected type curve is relatively good (Figure 3B).
However, the early data are poorly represented. The estimated hydraulic conductivity from this test
for the Lower Basin Fill Unit is 16.7 ft/day, for a screen interval of 40 ft, and a storage coefficient

of 8.4x10%.

A FLOWDIM interpretation using a confined, three dimensional model is presented in Figures 3C
and 3D. The drawdown data are closely reproduced by the model, however, the pressure derivative
of these data show significant discrepancies from the analytical model at late time (beyond 1 hour
into the test) resulting in fair estimates of the hydraulic parameters. The hydraulic conductivity

estimate is 6.9 ft/day and the specific storage 2.8 x 10 1/ft.

Agquifer Test in M4-O

The aquifer test in monitoring well M4-O involved wells M2-GU, M3-GL and M5-S as observation
points. Average discharge from M4-O during this test was reported at 15 gpm. Irrigation Well
ENGLAND #3 was on during the test but no information is available regarding its pumping rate
history. Little or no drawdown was seen in any of the observation wells (Figure 4A). However, at
about 550 minutes into the test, the hydraulic head in M2-GU and M3-GL shows a sharp decrease.
After turning the pump off in well M4-0O, the observation wells in the unconsolidated unit showed
some partial recovery, and at about 1,900 minutes, a sharp drawdown was observed. The hydraulic
connection between the oxide zone and the unconsolidated units above seems limited at this location.
A similar condition was observed in the M3-GL test (above) which may indicate the influence of the
MFGU, and may offer some justification for the use of a leaky aquifer model. Observation well
M5-S (completed in the sulfide zone) did not show any drawdown, but instead recovered throughout

the test. Due to these conditions, the test response from the observation wells M2-GU and M5-S was
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considered unsuitable for interpretation.

AQTESOLY interpretation of the drawdown data for pumping well (M4-O) results in a good match
(Figure 4B1) between the type curve of a leaky aquifer model and the field data. The hydraulic
conductivity estimate is 0.3 ft/day using a screened interval of about 60 ft. However, this value is
deemed uncertain due to the effect of pumping well ENGLAND #3. The storage coefficient for the
oxide zone is estimated from this test to be 3.5 x 102. To explore the uncertainty of the parameter
estimates from a seemingly good data set, three AQTESOLYV interpretations were performed (See
figures 4B1, 4B2, and 4B3). As shown in these plots the goodness of fit is almost identical for these
alternative parameter sets. However, the hydraulic parameters show significant variability. For
instance, hydraulic conductivity varies from 0.1 to 0.3 ft/day and storativity varies from 0.0045 to

0.096. The other four parameters show a variation of over two orders of magnitude.

Interpretation of these data with a homogeneous three-dimensional flow model using FLOWDIM,
results in a relatively good fit with the drawdown data (Figures 4C and 4D). The estimated hydraulic
conductivity is 0.2 ft/day and the specific storage is 6.4 x 10 1/ft Given the reported thickness of
the oxide (about 200 ft) in the vicinity of this monitoring cluster a three-dimensional model may

adequately represent the effect of partial penetration.

FLOWDIM interpretation of drawdown data in observation well M3-GL using a 3D model resulted
in a hydraulic conductivity estimate for the LBFU of 5.7 ft/day and a specific storage of 7.6 x 10
1/ft. The summary for this interpretation and the type curve match are presented in Figure 4E and
4F, respectively. Note that after about one hour into the test, a significant increase in drawdown was
observed. Only data before this time was used in the analysis. This estimated hydraulic conductivity
for the LBFU is most likely an underestimation of the actual conductivity of the since our approach

assumes an equivalent continuum to represent this two-layer system.
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Agquifer Tests in M10-GU and M11-GL

Semi-log plots for these tests are presented in Figures 5 A and 6 A. In spite the duration of the
pumping period (about 900 minutes) these figures clearly show that these test yielded no

interpretable information.

Aquifer Test in M12-O

Well M12-O was tested under a constant discharge of about 15 gpm. The well was completed in the
oxide zone. Three observation wells (M10-GU, M11-GL, and M13-S) were used for this test,
however, none of these produced usable data (Figure 7A). All four wells are located in the east
central portion of the proposed in-situ mine area. Irrigation wells BIA-10B and England #3 were
pumping during portions of the test, but no information is available regarding their flow rate history.
Drawdown data for pumping well M12-O appear reasonably interpretable. These data show
significant drawdown during the late time recovery period. This is likely caused by the
superposition of the effects of M12-O and the drawdown from some other well. Well M12-0 is
screened from about 420 ft to about 480 ft bgs within the oxide layer. The top of the oxide is
reported at about 800 ft bgs with a thickness of about 500 ft. Given the geologic setting around this
well, either a semiconfined or a confined aquifer model with partial penetration may be used for data
interpretation.

A 2D leaky aquifer model with well-bore storage was used to interpret hydraulic parameters for
M12-O (Figure 7 B). The transmissivity estimate using this model is 149.9 ft*/day. With a screened
interval of 60 ft, this produces a hydraulic conductivity of 2.5 ft/day. The estimated storage

coefficient is 1.6 x 10

Interpretation of data from this well by means of FLOWDIM homogeneous, isotropic, three-

dimensional model is presented in Figures 7C and 7D. The early data shows a very good match

Golder Associates



February 1996 18 953-2908

with the type curve. However, at about 0.8 hours into the test, the pressure derivative of the data
deviates significantly from the analytical model. The hydraulic conductivity is estimated at 2.5
ft/day, and the specific storage at 6.3 x 10 1/ft. Note that the hydraulic conductivity is identical to
that obtained with the semiconfined model, however, the FLOWDIM estimate of K is unique. As
previously discussed, appealing to the principle of parsimony, the simplest 3D model is preferred

over the more complex, six-parameter model.

Aquifer Test in M14-GL

Well M14-GL was tested under a constant discharge of 10.5 gpm. This well is completed within the
Lower Basin Fill Unit. Well M15-GU, in the Upper Basin Fill Unit, served as an observation well.
Both of these wells are located southwest of the proposed in-situ mine area. Irrigation Wells BIA-9
and BIA-10B were on during the test but no information is available regarding their pumping rate
history. Additionally, M1-GL was pumping during the test period. There was very little drawdown
in observation well M15-GU (Figure 8A), however, a sharp increase in hydraulic head was observed
at about 1,000 minutes after pumping in M14-GL ceased. Recovery in the pumping well went
beyond initial reported static water level. It is suspected that one or both of the pumping and
recovery periods on the agricultural wells may be responsible for these effects. Field data from the

observation well was not considered suitable for interpretation.

Analyses of these data using a 3D model (Figures 8B and 8C) shows a satisfactory fit for both
pressure and pressure derivative. Given the relatively short length of the screened interval (40 ft),
as compared to the thickness of the Lower Basin Fill Unit in that location (about 1,000 ft), it is not
surprising that the test response suggests 3D flow, typical of a partially penetrating well. The
hydraulic conductivity estimate from this interpretation is 0.9 ft/day and the specific storage 1.3 x

107 1/ft.
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Aquifer Test in M15-GU

This constant rate test involved a single pumping well (M15-GU) discharging at 10 gpm from the
Basin Fill Unit and one observation well (M14-GL) which was completed in the Lower Basin Fill
Unit. The test is similar to the previous test (M14-GL) with the pumping and observation wells
swapping roles. Irrigation Wells BIA-9 and BIA-10B were on during the test but no information is
available regarding their pumping rate history. The hydraulic head on the pumping well rose above
the static water level during recovery (Figure 9A). This behavior may be produced by one or both
of the irrigation wells being shut off during testing. Due to these effects the data from the

observation well are not interpretable. Only the drawdown data for M15-GU was analyzed.

This test was analyzed with AQTESOLV and modeled as a 2D leaky aquifer with wellbore storage.
Only the drawdown data was analyzed and, as shown in the log-log plot (Figure 9B), the match
between the data and the type curve is fair. The hydraulic conductivity of the UBFU estimated for
this test is 0.7 ft/day with a storage coefficient of 1.2 x 10*

A FLOWDIM interpretation of these data is presented on Figures 9C and 9D. This latter figure
shows that only the early data fits the model properly. The decrease in the drawdown at about six
minutes prevents an adequate match with later portions of the test. The estimated hydraulic
conductivity is, however, identical (0.9 ft/day) to that obtained from testing well M14-GL. The
specific storage is 4.4 x 107. Because of agreement between the hydraulic conductivity estimates,

the 3D model is deemed a better representation of the field conditions at this location.

Aquifer Test in M18-GU

This constant rate test consisted of pumping a single monitoring well (M18-GU) with a flow rate

of 10 gpm from the Upper Basin Fill Unit (UBFU). The well is located south of the proposed in-situ
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mine area. This was a short duration test (100 minutes) with no observation wells. The data set is
amenable to interpretation (Figure 10A). Well M18-GU is screened over 40 ft, within the 300 ft
thick UBFU. Under these conditions, three-dimensional flow as resulting from partial penetration
is very likely. The drawdown data for M18-GU was interpreted using the 2D semiconfined model
resulting in an estimate for the UBFU hydraulic conductivity of 4.0 ft/day. However, as shown in
the log-log plot (Figure 10B), the match between the data and the type curve is relatively poor. The
estimate for the storage coefficient is 2.6 x 10>, A similar hydraulic conductivity estimate (5.2
ft/day) is obtained from the three-dimensional FLOWDIM interpretation (Figure 10C and 10D). The
specific storage is estimated at 3.5 x 10 1/ft using this model. Because this well is clearly a

partially penetrating well, the FLOWDIM three-dimensional interpretation is preferred.

Aquifer Test in P5-O

This constant pumping rate test utilized well P5-O as the pumping well (discharge at 66.5 gpm) and
05.1-0 and 05.2-0 as observations wells. All three wells were completed in the oxide zone and
they are located in the southeastern part of the proposed in-situ mine area between the Sidewinder
and the Party Line Faults. The length of the screened intervals for the observation wells is 158 ft and
59 ft for 05.1-0 and O5.2-0 respectively. Pumping well P5-O is screened at multiple sections
between 414 ft and 720 ft bgs. The total open area represents 238 ft out of these 356 ft. The oxide
zone in this area is about 400 ft thick, and is overlain by 80 ft of LBFU. The drawdown curves
(Figure 11A) for these wells show pronounced effects of other pumping wells (BIA-9 and BIA-10).
In addition, the transducer in 05.1-O was not functioning for most of the test and digital drawdown
data had to be supplemented with hand written notes. In spite of these problems, an attempt was

made to interpret these data.

An interpretation of the P5-O and 05.2-0 drawdown data using a FLOWDIM two-dimensional

model (Figures 11B through 11E) results in an estimate of hydraulic conductivity of 1.3 and 2.2
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ft/day and storage coefficients of 8.3 x 10~ and 2.3 x 107, respectively. The overall fit to the type
curves is fair. FLOWDIM interpretations for drawdown data from observation well 05.1-0 was not
possible due to the low quality of the data. Noisy drawdown data results in erratic behavior of the
derivative and prevents correct application of this interpretation method. According to this
conceptual model, the oxide zone behaves as a confined unit without any interaction with the LBFU.
A similar lack of connection between the oxide zone and the alluvial deposits was observed in the

hydaulic tests of nearby wells M3-GL and M2-GU, southeast of well-cluster five.

Aquifer Test in PW1-1

This constant rate test, conducted by Magma personnel during February 1994, involved a single
pumping well (PW1-1 pumping at 32.5 gpm) and three observation wells (OB1-1, 523MCC, and
OB-6) all in the oxide zone. These wells are located in the north-central part of the proposed in-situ
mine area. The drawdown data for PW1-1, OB1-1, and 523MCC were analyzed, but, the data for
523MCC were very noisy (Figure 12A). Although well OB-6 is halfway between PW1-1 and
523MCC, drawdown in it shows only a small variation throughout the test and was therefore not
interpreted. No completion data was available for this well, so its lack of response can not be

explained at this time.

This aquifer test lasted 6,000 minutes and resulted in a complete data set -the three typical stages
in a theoretical response are represented. Late time data show a stabilized hydraulic head typical of
an infinite-acting formation. This test provides a good opportunity to compare the two competing
conceptual models (leaky and confined) and to asses the uncertainty associated with the resulting

parameters.

Figures 12B and 12C show two alternative interpretations of the drawdown data for PW1-1 using

the semiconfined model by Moench (1983). Clearly, either of these analyses provides a good match
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to the experimental data. Note, however, the significant difference between parameter values.
Transmissivity estimates differ by a factor of two, while the other five parameters estimates differ
by up to an order of magnitude. Given the strong variability of hydraulic parameters observed
throughout the site, selection of the appropriate parameter set using this six-parameter model is not
straight forward. Although a reasonable match (Figures 12 D and 12 E) is obtained with the
semiconfined aquifer model for the observation wells (OB1-1 and 523 MCC), it is our opinion that
due to uncertainty in the parameter estimates, the interpretation of these data is best accomplished

by the confined aquifer (two parameter) model.

Interpretation of the drawdown data by means of a confined aquifer model provides a consistent set
of aquifer parameters (Figures 12 F through 12 K). The hydraulic conductivity estimates are 0.1,
0.3, and 0.1 ft/day, with specific storage equal to 1.2 x 107, 9.6 x 10® and 9.6 x 10 1/ft, for wells
PW1-1, OB1-1 AND 523MCC, respectively.

Early drawdown data from both observation wells show an interesting behavior. The early data from
OB1-1 shows a surprisingly 1:1 slope, typical of borehole storage whereas the early data from
523MCC show an 1:0.5 slope characteristic of fracture-dominated flow. The available geological
information is not sufficient to determine whether fracture flow is indeed occurring at this location,

but it may be related to the sidewinder fault zone.

Agquifer Test in PW2-1

This constant rate test, also conducted by Magma personnel during March 1994, was located in the
north-central part of the proposed in-situ mine area and involved a single pumping well (PW2-1)
with a discharge of about 50 gpm and one observation well (OB2-1), both in the oxide zone. Both
of these wells are surrounded by the old underground workings. The screened length on these wells

is 220 ft and the thickness of the oxide zone in this area is reported to be more than 200 ft. The
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drawdown data for both PW2-1 and OB2-1 (Figure 13A) were analyzed.

The best match to these data was obtained with a type curve corresponding to a 2D, homogeneous
flow model that assumes a leaky aquifer with wellbore storage. As shown in the log-log plot (Figure
13B), the match between the data and the type curve is good. The hydraulic conductivity estimate

is 0.7 ft/day. The estimated storage coefficient for the oxide zone is 2.2 x 10™.

The same model was used to interpret the drawdown data for OB2-1 (Figure 13C). The resulting
hydraulic conductivity estimate is 1.0 ft/day with a storage coefficient of 1.7 x 10-°. No sufficient
geologic evidence exists to determine whether this semiconfined model is appropriate for this

portion of the aquifer system.

An attempt to interpret these data using FLOWDIM results in a flow dimension of 2.5 (!) which
indicates that the flow system in the area may be controlled by discrete features. A number of fault

zones are reported in the vicinity of wells PW2-1 and OB-2-1.

Aquifer Test in PW?2-2

This constant rate test, conducted by Magma’s personnel during April 1994, involved a single
pumping well (PW2-2 pumping at 45 gpm) and one observation well (OB2-2). These wells are
located in the east-central portion of the proposed in-situ mine area and are completed in the oxide
zone. Both of these wells have a screen length of 300 ft. The thickness of the oxide is about 420
ft in this area of the site. The drawdown data for both PW2-2 and OB2-2 (Figure 14A) were
analyzed, however, the OB2-2 data shows an erratic response despite a relatively constant flow rate.
At about 900 minutes into the test the drawdown on both of these wells starts to decrease without

an apparent reason.
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These aquifer tests were interpreted using a 2D leaky aquifer model with wellbore storage (Figures
14B-14C). Based on this interpretation, the estimated hydraulic conductivity for pumping well
PW2-2is 0.3 ft/day, and its estimated storage coefficient is 3.4 x 10°. Data from OB2-2 yield a poor
match to the analytical model. The hydraulic conductivity estimate for OB2-2 is 1.1 ft/day and the
estimated storage coefficient is 2.7 x 10*. In view of the noise in the drawdown data for OB2-2,

these estimates are not considered reliable.

Aquifer Test in PW3-1

This constant rate test, performed by Magma personnel during late March, 1994 involved a single
pumping well (PW3-1) with a discharge of 58 gpm and one observation well (OB3-1), both in the
oxide zone. The wells are located in the northwest quadrant of the proposed in-situ mine area on the
hanging wall of the sidewinder fault, where the thickness of both the oxide and the unconsolidated
sediments increase sharply. These wells are screened over a 280 ft length. The thickness of the
oxide zone is reported at about 800 ft. The drawdown data for both PW3-1 and OB3-1 was

analyzed, however, the OB3-1 data show significant amount of noise (Figure 15A).

These aquifer tests were interpreted using a 2D leaky aquifer model with wellbore storage (Figures
15B-15C). Based on this 2D interpretation, the estimated hydraulic conductivity for pumping well
PW3-1 is 0.9 ft/day and its estimated storage coefficient is 1.2 x 10°. The hydraulic conductivity

estimate for OB3-1 is 0.5 ft/day, and the estimated storage coefficient is 1.6 x 10™*. However, in

view of the noise in the drawdown data for OB3-1, these estimates are not considered reliable.

Aquifer Test in PW4-1 (Test 1)

This constant rate test involved a single pumping well (PW4-1 pumping at 71 gpm) and one
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observation well OB4-1. These wells are located in the west central part of the proposed in-situ
mine area where the thickness of the oxide zone is more than 900 ft. Both wells were completed
with 340 ft of perforated casing, which most likely induces three-dimensional flow as a result of
partial penetration. Because of significant noise in the drawdown data from well OB4-1, only the

drawdown data for PW4-1 was analyzed (Figure 16A).

The type curves used to interpret PW4-1 assumed a 2D homogeneous, leaky aquifer with wellbore
storage. Only the drawdown data was used and, as shown in the log-log plot (Figure 16B), the
match between the data and the type curve is good. The hydraulic conductivity estimated for the
oxide zone based on this test is 3.7 ft/day and the estimate for the storage coefficient is 3.0 x 102
A FLOWDIM interpretation of the drawdown data from this well is presented on Figures 16C and
16D. Although the drawdown data is matched closely by the model, the derivative plot shows
significant discrepancy between the type curve and the data for elapsed time larger than about 3
hours. The hydraulic conductivity estimate is 1.8 ft/day and the specific storage is 3.1 x 107 1/ft.
Given the small penetration of well PW4-1, the three-dimensional model is appropriate for

interpreting this test.

Aquifer Test in PW4-1 (Test 2)

Drawdown data for test #2 on pumping well PW4-1 and observation well OB4-1 were not
interpreted. The test lasted 2,000 minutes, but no drawdown was observed in the pumping well.

Data from the observation well show an erratic behavior (Figure 17A).

Aquifer Test in PW7-1

This constant rate test involved a single pumping well (PW7-1) with a discharge of 38 gpm from the
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oxide zone. Two observation wells OB7-1 and OB-1, also completed in the oxide zone, and an
observation well O3-GL completed along the interface between the basin fill deposits and the oxide
were used as drawdown monitoring locations. All four wells are located near the center of the
proposed in-situ mine area. Irrigation wells BIA-10B and WW-3 were on during testing and appear
to have had some effect on the data, as shown by the change of slope in the drawdown curve at about
200 minutes into the test (Figure 18A). However, early data from PW7-1 and OB7-1 are reasonably
well behaved and suitable for analysis. On the other hand, data from observation wells O3-GL and
OB-1 show very little response to pumping. The thickness of the oxide zone is reported at about 600
ft. Wells PW 7-1 and OB7-1 have a screened interval of 340 ft which results in partial penetration.

FLOWDIM was used to interpret drawdown data from well PW7-1. The selected type curve for this
analysis corresponds to a 2D, homogeneous flow model, with a C,e* parameter equal to 100. This
value results in a skin coefficient of -2.1 (Figure 18B), which indicates enhanced hydraulic
conductivity near the well. This enhanced conductivity could be natural, resulting from nearby
fractures, or it could be due to the drilling and well development process. As shown in the log-log
plot (Figure 18C), and in spite of the transient effects produced by nearby pumping, the match
between the early data and the type curve is good. The hydraulic conductivity estimate is 0.2 ft/day

and the storage coefficient is 1.9 x 10~

The selected type curve for the observation well data (OB7-1) corresponds to a 2D, homogeneous
flow model. As shown in this log-log plot (Figure 18E), and due to the transient effects produced
by nearby pumping, the match between the data and the type curve is fair. The hydraulic
conductivity estimate is 0.1 ft/day and the estimate for the storage coefficient is 1.3 x 10™* Despite
the relatively short length of the screened interval in these wells, and the fact that these wells are

completed near known fault zones, the early data from this test follow a two-dimensional model.

Aquifer Test in P8.1-O
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Aquifer test on P8.1-O consisted of a constant pumping rate of 12 gpm from the oxide zone. Two
observations wells were monitored in the oxide zone (P8.2-O and O8-0O) and two in the upper basin
fill unit (P8-GU and O8-GU). All five wells are located in the northern portion of the proposed in-
situ mine area. The thickness of the oxide zone in this area is about 200 ft and that of the MFGU
ranges from 30 to 40 ft. Wells P8.1-O and O8-O are screened within a fault zone. The screened
interval for the oxide wells is 180 ft. Irrigation well BIA-9 was on during the test, but no
information is available regarding its pumping rate. The drawdown data for P§-GU and O8-GU

show a small response (Figure 19A).

The transducer in P8.1-O looks like it went dry after one minute into the test. Interpretation of the
drawdown data from the pumping well was not attempted. Drawdown data for P8.2-O and O8-O

have obvious effects of other pumping superimposed upon the drawdown caused by P8.1-O.

The overall data set is marginal, however, the superposition principle combined with a three-
dimensional model was applied to the recovery data. The resulting hydraulic conductivity estimate
is 0.4 ft/day and specific storage is 1.1 x 107 1/ft (Figure 19B). The overall fit to these data is

relatively poor as shown in Figure 19C.

Agquifer Test in P§-GU

This aquifer test involved a single pumping well (P8-GU) with a discharge of 85 gpm from the
Upper Basin Fill Unit (UBFU). Four observations wells (P8.1-O, P8.2-O, 0O8-0, and O8-GU) were
monitored. This test used the same wells as the test in well P8.1-O (above). Irrigation wells BIA-9
and BIA-10B were on during the test but no information is available regarding their pumping rate
history. Additionally, irrigation well WW-3 was turned on briefly for sampling toward the
beginning of this test, and P28-GL also pumped during this test. The effect of these wells is apparent

as shown by drawdown measurements in the observation wells. Note that the head in all observation
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wells continues to decline even after the pumping in P8-GU ceased at about 3,200 minutes into the
test (Figure 20A). Also, the recovery in the pumping well did not reach static water level, indicating
that observations in the pumping well are also affected by nearby pumping. Under these
circumstances, the derived hydraulic parameters are uncertain and most likely underestimate the

conductivity of the UBFU.

According to the data from this test, pumping on the UBFU produces a drawdown on the oxide wells
of a magnitude similar to that observed in the pumping well. This may result from the larger
discharge rate used during this test (85 gpm as opposed to 12 gpm when testing P8.1-O) or more
likely due to the effect of nearby pumping (BIA-9 and BIA-10B). The results from testing P8.1-O
seem to indicate a limited hydraulic connection between the basin fill deposits and the oxide zone.
In contrast, hydraulic head in observation well O8-GU (less than 20 ft away from the pumping well)
changes by less than one foot throughout the duration of the test. Because of the uncertainty
associated with the conditions existing during this test, only the data from the pumping well were

interpreted.

A FLOWDIM interpretation was attempted for the drawdown data from P8-GU using a to a 2D
homogeneous flow model, with a Cpe® parameter equal to 1.0 x 10°. This value, in turn, results in
a skin coefficient of 0.9 (Figure 20B) indicating, perhaps, minor formation clogging near the well
face. As shown in the log-log plot (Figure 20C), the match between the data and the type curve is
poor. The hydraulic conductivity estimate is 61.3 ft/day and the estimate for the storage coefficient
is 3.2 x 10°%. This hydraulic conductivity is too large when compared with the other estimates on

the UBFU.

Aquifer Test in P12-O

This constant rate test involved a single pumping well (P12-O) with a discharge of 64 gpm from the
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oxide zone. Observation well O12-O was also completed in the oxide zone, whereas observation
well O12-GL was completed within the LBFU just above the contact between these two units.
These wells are located in the south-central part of the proposed in-situ mine area. The length of
screen installed in the oxide wells is 500 ft which almost completely penetrates the oxide zone.
About one-fourth of this screened interval is in contact with the Sidewinder Fault. The data appear
to show superposition of multiple pumping and recovery effects (Figure 21A). Drawdown increased
at approximately 300 minutes into the test, recovery was observed at 3,000 minutes, an additional
drawdown period was seen at 7,000 minutes, and still another recovery period was observed after
9,000 minutes. Irrigation well WW-3 was also pumping through the duration of the test. Large
drawdown variations were also recorded in the observation wells. Due to the above effects, this test
is considered marginal for interpretation, and only the first 3,000 minutes of data were used. Note
also that the maximum drawdown in pumping well was 30 ft, whereas that reported O12-GL was

more than 70 ft. Obviously the data from the latter well were affected by nearby pumping.

The selected type curve for the pumping well data (P12-O) corresponds to a 2D homogeneous flow
model, with a Ce* parameter equal to 3.0. This value, in turn, results in a skin coefficient of -4.3
which indicates enhanced hydraulic conductivity near the well which may result from presence of
the Sidewinder Fault (Figure 21B). As shown in the log-log plot (Figure 21C), the match between
the data and the type curve is poor. The hydraulic conductivity estimate is 0.4 ft/day and the storage

coefficient is 4.2 x 107,

The selected type curve for observation well data (O12-0) corresponds to a 2D homogeneous flow
model. As shown in this log-log plot (Figure 21E), the match between the data and the type curve
is fair. The hydraulic conductivity estimate is 0.8 ft/day and the estimate for the storage coefficient
is 9.6 x 10 (Figure 21E). Drawdown data for O12-GL is erratic and no interpretation was
attempted. As indicated above, the overall quality of this data set is poor and can not be used to
derive information about the hydraulic connection between the basin fill sediments and the oxide

zone.
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Aquifer Test in P13.1-O

This constant rate test involved a single pumping well (P13.1-O) with a discharge of 46 gpm. All
irrigation wells are reported to be off during the test. Observation well P13-GL data show some
irregularity, but seem to indicate no hydraulic connection between the basin fill deposits and the
oxide zone. The pumping well and observation well P13.2-O data appear suitable for analysis
(Figure 22A). Observation well 013-O showed no drawdown during this test. These four wells are
located in the northwest corner of the proposed in-situ mine area in an area west of the Sidewinder
Fault. The MFGU is thought to be thin or missing in this area (Brown and Caldwell, 1995). The
thickness of the oxide zone is reported at more than 900 ft, while the overlain unconsolidated
sediments are about 600 ft thick. Total saturated thickness is about 1,350 ft. Wells P13.1-0 and
P13.2-0 have a screened interval of about 680 ft and 600 ft, respectively.

The drawdown data for P13.1-O was interpret using a 3D homogeneous flow model. As shown in
the log-log plot (Figure 22C), there is a good match between the data and the type curve however,
the pressure derivative of the data after 20 hours becomes erratic. This effect is also seen in data
from observation well P13.2-O. The hydraulic conductivity estimate is 0.2 ft/day which is a typical

value for the oxide zone and the specific storage estimate is 1.2 x 107 1/ft (Figure 22B).

The hydraulic response for observation well P13.2-O shows a clear 3D response (Figure 22E).
Analyses of these data result in a hydraulic conductivity of 0.3 ft/day and a specific storage of 5.5
x 107 1/ft (Figure 22D). Most likely, the three-dimensional response of these wells results from the
fact that they are partially penetrating.

Agquifer Test on P15-O
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This constant rate test involved a single pumping well (P15-O) with a discharge of 59 gpm.
Irrigation Wells BIA-9 and BIA-10B were on during the test but no information is available
regarding their pumping rates. These wells did affect observation wells (P15-GL and O15-O) as
evidenced by the sudden change in drawdown near the end of the test (Figure 23A). From the
available pumping rate records, the discharge on well P15-0 was fairly constant throughout the test.
The sudden change in drawdown is superimposed upon the drawdown due to P15-O and is difficult
to separate without the rate history from the agricultural wells. Data for P15-GL shows no response
to P15-0 pumping for more than 3,000 minutes suggesting that hydraulic connection between the
oxide and the LBFU is limited. Data from P15-O and O15-0O show a small interference from nearby
pumping before 3,000 minutes into the test, and a significant interference after that. These wells are
located near the western edge within the proposed in-situ mine area. The thickness of the oxide on
this area is reported to reach about 800 ft, geologic cross-section D-D’ (Brown and Caldwell, 1995)
indicates that the wells in cluster 15 are located on the hanging wall of the Sidewinder Fault, where
a number of other faults have been mapped. Wells P15-O and O15-O are screened over a length of
680 ft and 600 ft, respectively.

Interpretation of drawdown data from well P15-O was done by means of a 2D homogeneous flow
model with a Cpe” parameter equal to 100. This value results in a skin coefficient of -5.0 indicating
enhanced hydraulic conductivity near the well (Figure 23B). As shown in the log-log plot (Figure
23C), there is a fair match between the data and the type curve, despite the complications introduced
by additional pumping wells (BIA-9 and BIA-10B). The hydraulic conductivity estimate is 0.5

ft/day which is a typical value for the oxide zone and the storage coefficient estimate is 1.3 x 107

Observation well O15-O data indicates three-dimensional flow in the vicinity of this well. A log-log
plot of the drawdown data for this well is shown in Figure 23E. As seen in this figure, the match
between the analytical model and the data is relatively poor. Interpretation of these data resulted in

a hydraulic conductivity estimate of 0.5 ft/day and a specific storage coefficient estimate of 9.7 x 10”7
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1/1t.

Aquifer Test on P19.1-O

This constant rate test involved a single pumping well (P19.1-O) with a discharge of 24 gpm
pumping from the oxide zone. Observation wells P19-O and P19.2-O were also completed in the
oxide zone. Two additional observations wells were also monitored during this test (O19-GL and
Well 138). The data from well 019-GL were strongly affected by pumping on irrigation wells BIA-
10B and WW-3 at times greater than 1,000 minutes from the start of the test. (Figure 24A). Well
138 shows no response to pumping on 19.1-O. These wells are located just outside the northwest
quadrant of the proposed in-situ mine area. The three oxide wells are completed within the
Sidewinder fault zone and the screened interval in this wells is about 200 ft. This area is
characterized by a thickening of the basin fill deposits towards the west, away from the fault zone.
The oxide zone is reported to be about 400 ft thick at the location of these wells. Observation well
019-GL is completed within the LBFU just west of the contact between this unit and the oxide zone.

Well completion information for Well 138 is not available.

Drawdown data from well P19.1-O was interpreted using a 3D homogeneous flow model. The
hydraulic conductivity estimate is 0.2 ft/day and the estimate for the specific storage coefficient is
1.1 x 107 1/ft (Figure 24B). As shown in the log-log plot (Figure 24C), the match between the data

and the type curve is good.

Drawdown data for observation well 019-O was interpreted with a 3D homogeneous flow model.
The hydraulic conductivity estimate is 0.2 ft/day and the estimate for the specific storage coefficient
is 3.8 x 107 1/ft (Figure 24D). As shown in the log-log plot (Figure 24E), the match between the

data and the type curve is fair.
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Note that as indicated by the decrease in drawdown at late time, the drawdown cycles from nearby
wells strongly affected this test. Interpretation of data from observation well P19.2-O was also based
on a 3D homogeneous flow model. The hydraulic conductivity estimate is 0.1 ft/day and the
estimate for the specific storage coefficient is 4.4 x 10 1/ft ( Figure 24F). As shown in this log-log
plot (Figure 24G), the match between the data and the type curve is fair up to about 3 hours into the

test.

Hydraulic response for observation well O19-GL is strongly affected by nearby wells (See Figure
24A) at times beyond 540 minutes. The early data was interpreted with a 3D model resulting in a
hydraulic conductivity estimate of 0.4 ft/day and a specific storage coefficient estimate is 1.3 x 10%.
(Figure 24H). As seen in Figure 241, the field data closely matches the proposed model until about
9 hours, at which time the effects from the nearby wells becomes dominant. Note that this estimate
of hydraulic conductivity is smaller than reported for the other tests on the LBFU. This may result
from the continuum approach used to interpret the heterogeneous geology. Under this concept, the
estimated conductivity value represents an average of both the conductivity of the LBFU and the that

of the oxide zone.

Aquifer Test on P28-GL

This constant rate test involved a single pumping well (P28-GL) with a discharge of 75 gpm from
the Lower Basin Fill Unit. Observation well O28-GL was completed in the Lower Basin Fill Unit
and observation wells P28.1-O, P28.2-O and 028.1-O were completed in the oxide zone, while
observation well 028.2-S was completed in the sulfide zone. The top of the oxide zone is at a depth
of about 360 ft bgs and its thickness varies from 120 to 220 ft towards the west near these wells. The
screen length of P28-GL is 30 ft and that for O28-GL is 30.1 ft. The thickness of the LBFU is about
110 ft, which renders these wells partially penetrating. The screen lengths of P28.1-O, P28.2-O and
028.1-0 are 98.7 ft, 100 ft, and 99 ft respectively. These oxide wells appear to penetrate most of
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the oxide zone. This well cluster was specifically constructed to test the hydraulic conductivity of
the Party Line Fault. Observation well 028.2-S has a screen length of 38.9 ft in the sulfide zone.
These wells are located outside the eastern boundary of the proposed in-situ mine area. Traces of
the MFGU have been observed in this area (Brown and Caldwell, 1995). Irrigation Wells BIA-9
and BIA-10B were on during the test but no information is available regarding their pumping rate
history. Additionally, irrigation wells ENGLAND #3 and WW-3 were on briefly for sampling
toward the beginning of the test, and test well P8-GU was also pumping during this test. The

observed drawdown records appear good and suitable for analysis (Figure 25A).

The screen interval of well P28-GL is located approximately 100 to 120 ft above the screen of the
oxide and the sulfide well. As seen in Figure 25A, the maximum drawdown observed in the
pumping well is about 120 ft, while that in well O28-GL is close to 20 ft. The drawdown in the
oxide and sulfide wells reaches a maximum of about 12 ft. Given the spatial arrangement of these
wells, a drawdown measurement in the oxide and sulfide well(s) indicates three-dimensional flow.
Apparently, there is a good hydraulic connection between the LBFU and the bedrock. This aquifer
response could also be partially explained by the MFGU acting as an aquitard.

The selected type curve for the pumping well data (P28-GL) corresponds to a 3D homogeneous flow
model. The hydraulic conductivity estimate is 3.4 ft/day and the estimate for the specific storage
is 1.9 x 10 1/ft (Figure 25B) As shown in the log-log plot (Figure 25C), and in spite of the transient
effects produced by nearby pumping, the match between the drawdown data and the type curve is
good. The pressure derivative of the data, however, deviates somewhat from the type curve at times
greater than 10 hours. The hydraulic conductivity estimate is 3.4 ft/day and the specific storage is
1.9 x 10 1/ft (Figure 25B).

Figures 25D and 25E show the data interpretation for the observation well 028-GL. This well is

located at the same elevation of pumping well P28-GL on the LBFU. The drawdown data appear

to fit a 3D homogeneous model. The hydraulic conductivity estimate is 0.8 ft/day. The estimate for
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the specific storage is 3.8 x 10® 1/ft.

A 3D interpretation was made for observation wells P28.2-O, 028.1-O, and 028.2-S using
FLOWDIM (Figures 25F-25K). The response of these wells to pumping well P28-GL is uniform
indicating, perhaps similar hydraulic properties between the oxide and the sulfide. Note that well
028.2S is completed just below the interface between the oxide and sulfide zones. The hydraulic
conductivity estimates for the oxide aquifer based on data from these wells are 1.5, 1.2, and 0.8
ft/day respectively. The specific storage based on these interpretations are 5.2 x 107, 1.2 x 10%, and
2.0 x 10°® 1/ft, respectively.

Aquifer Test on P28.1-O (Test #1)

This constant rate test involved a single pumping well (P28.1-O) with a discharge 6f 28.5 gpm from
the oxide zone. Observation wells P28-GL and O28-GL were completed in the LBFU and
observation wells P28.2-O and 028.1-O were completed in the oxide zone. The thickness of the
LBFU and oxide and screen lengths for these wells were described in the section “Aquifer Test on
P28-GL.” Irrigation Well England #3 was on during the test but no information is available
regarding its pumping rate history. Hydraulic head during recovery in these wells went beyond the
static water level reported just before pumping started in P28.1-O (Figure 26A). Due to this
anomalous drawdown behavior, and because a second test at a higher rate was conducted at the same

location, only the information from well P28.1-O was interpreted.

The selected type curve for the pumping well data (P28.1-O) corresponds to a 2D, homogeneous
flow model, with a Cpe® parameter equal to 10. This value results in a skin coefficient of -6.7 which
indicates enhanced hydraulic conductivity near the well (Figure 26B) perhaps resulting from the
effect Party Line Fault. As shown in the log-log plot (Figure 26C), and due to the transient effects

produced by nearby pumping, the match between the data and the type curve is only fair. The
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hydraulic conductivity estimate is 7.7 ft/day. The estimate for the storage coefficient is 5.2 which
is clearly unreasonable. It is our opinion that this impossible estimate results from the superposition
of pumping on well P28.1-O and recovery of one of the agricultural wells (which pump at rates of
1,800 gpm or higher). Also, as discussed in the next paragraph, a second test (with a large discharge
rate) on this same location results in a similar value of hydraulic conductivity and a reasonable

storage coefficient.

Agquifer Test on P28.1-O (Test #2)

This constant rate test involved a single pumping well (P28.1-O) with a discharge of 86 gpm from
the oxide zone. The observation wells were those described for the earlier test (P28.1-O; test #1).
The depths and screen length for these wells are as described in that section. Irrigation Well BIA-9
was on during testing, as was well P8.1-O. However, the data appear well-behaved and suitable for

analysis (Figure 27A).

The selected type curve for the pumping well data (P28.1-O) corresponds to a 2D homogeneous flow
model, with a Cpe* parameter equal to 10 (Figure 27B). This value results in a skin coefficient of
-4.2 which indicates enhanced hydraulic conductivity near the well or the effect of the party line
fault. As shown in the log-log plot (Figure 27C), and in spite of the transient effects produced by
nearby pumping, the match between the data and the type curve is good. The hydraulic conductivity
estimate is 3.6 ft/day and the estimate for the storage coefficient is 3.4 x 102 It has been argued
(Barker, 1988) that flow through a fractured medium may result in flow geometry other than integer
values (i.e., 1D, 2D, 3D). This fractal dimension depends on the degree of interconnectivity of the
fracture network; a highly connected network produces a flow system that closely resembles a 3D
continuum. As the connectivity decreases the flow “dimension” decreases. The lower limit, of
course, is a flow dimension of unity. The pressure response of well P28.1-O ( Figure 27C) can be

closely represented by a fractal flow model of dimension 1.8. Although, the practical significance

Golder Associates



February 1996 37 953-2908

of this fractal dimension is not yet well understood it may provide clues as to the potential effect of

discrete features such as faults or fractures.

The selected type curve for the observation well data (P28.2-O) corresponds to a 2D homogeneous
flow model, with a Cpe* parameter equal to 2.0 (Figure 27D). As shown in this log-log plot (Figure
27E), and in spite of the transient effects produced by nearby pumping, the match between the data
and the type curve is fair. The hydraulic conductivity estimate is 2.7 ft/day. The estimate for the
storage coefficient is 2.9 x 10*. This two-dimensional behavior is surprising, since well P28.2-O
is screened along the party line fault. On the other hand, the thickness of the oxide zone decreases
towards the east with the LBFU and the sulfide zone as it’s upper and lower boundary, respectively.
As this thickness decreases, the presence of the sulfide zone may force the flow lines to remain

horizontal.

Interpretation of the drawdown data from well 028.1-O, completed on the oxide zone, used a three-
dimensional model and resulted in a hydraulic conductivity value of 0.5 ft/day and a specific storage
of 6.8 x 10" 1/ft (Figure 27F). The log-log plot of the pressure derivative data shows a typical one-
half slope for the first 4 hours of the test which causes a derivation of the field data from the
proposed analytical model. This one-half slope is indicated by the straight line in figure 27G.
According to this interpretation, the presence of the Party Line Fault has a significant impact on the

cross-hole response during this test.

Hydraulic response of the LBFU wells (P28-GL and 028-GL) to pumping on the oxide zone is very
similar to that described for well 028.1-O. However, maximum drawdown on the oxide well is
larger than that observed on the LBFU wells. (See Figure 271 and 27K). Once again, the effect of
the Party Line Fault is clearly seen in the early time pressure derivative data. The estimated
hydraulic conductivity is 1.5 and 2.0 ft/day, and the specific storage is 6.4 x 107 and 8.4 x 10 1/ft
(Figures 27H and 27J) for wells P28-GL and O28-GL.
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Aguifer Test on P28.2-O

This constant rate test was the fourth test ran on well cluster 28. It involved pumping well P28.2-O
at a constant discharge of 76 gpm. Several observation wells were monitored during this test; P28-
GL and O28-GL completed in the LBFU, wells 028.1-O and P28.1-0 completed in the oxide zone,
and well 028.2-S completed in the sulfide zone. The depths and screen lengths for these wells were
described in a previous section “Aquifer Test on P28-GL.” Irrigation Wells BIA-9 and BIA10-B
were on during the test but no information is available regarding their pumping rate history. These
wells did affect the data in all observation wells as evidenced by decrease in the drawdown at times
greater than 3,000 minutes wells (Figure 28A). Also, the recovery in all the wells went beyond

static water level. The exact impact of well interference on the hydraulic parameters is difficult to

quantify.

The selected type curve for the pumping well data (P28.2-0) corresponds to a 2D, homogeneous
flow model, with a Cpe? parameter equal to 10 (Figure 28B). This value results in a skin coefficient
of -6.5 which indicates enhanced hydraulic conductivity near the well. This may be attributed to the
presence of the Party Line Fault. As shown in the log-log plot (Figure 28C), and due to the transient
effects produced by nearby pumping, the match between the data and the type curve is only fair and
the drawdown data is very erratic during the first 18 minutes of the test. The hydraulic conductivity
estimate is 3.1 ft/day. The estimate for the storage coefficient turns out to be 3.8 which is clearly
unreasonable. This unreasonable storage coefficient estimate results, most likely, from the effect
of structural control imposed by the fault or to the effects of drawdown and recovery cycles from

wells BIA-9 and BIA 10-B.

The type curve selected for interpreting the observation well data from 028.1-O corresponds to a
3D homogeneous flow model. The hydraulic conductivity estimate is 0.4 ft/day and the specific
storage is 1.1 x 10°® 1/ft (Figure 28D). Note that the derivative of the drawdown shows two typical

stages of flow in a fracture controlled reservoir; the early slope is one-half, indicating linear flow (as
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that resulting from a high conductivity fracture), and later on, it follows the slope of the three
dimensional model. The data beyond 3,000 minutes was not used during this analysis. This one-half
slope (as indicated by the straight line in Figure 28E) was also observed on the previous tests on well
cluster 28. Drawdown data from one of the two oxide observation wells was not collected as a result

of pressure transducer problems.

Test data for two observation wells in the LBFU were available. Interpretation of field data from
well P28-GL results in a estimated hydraulic conductivity of 1.8 ft/day and a specific storage of 4.8
x 10 1/ft as reported in Figure 28F. The log-log plot of the field data and the three dimensional
type curve (Figure 28G) shows that the first seven hours of the test are strongly controlled by a
highly conductive fracture-like response similar to the one described for observation well 028.1-O.
Drawdown data from the other LBFU observation wells results in an estimated hydraulic
conductivity of 0.6 ft/day and specific storage of 1.7 x 10® 1/ft (Figure 28H). The log-log plot

shows a one-half slope for at least the first seven hours of the test (Figure 28I).

Observation well 028.2-S is completed within the sulfide, near the interface between oxide and
sulfide, and close to the active well in this test. The pressure response of this test shows a behavior
which is similar to that of the other observation wells. The interpretation of these data results in a
hydraulic conductivity of 0.4 ft/day and a specific storage of 3.4 x 10°® 1/ft (Figures 28] and 28K).
It is interesting to note, that the one-half slope occurs over a longer period of time on the LBFU and
sulfide observation wells than in the oxide wells. An explanation for this pressure behavior is not

evident.

Agquifer Test on P39-O

This constant rate test involved a single pumping well (P39-O) with a discharge of 56 gpm pumping

from the oxide zone. It had a single observation well (039-O) which was also completed in the
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oxide zone. These wells are located on the southeast end of the proposed mine area. The top of the
oxide zone is about 700 ft bgs in this location and the MFGU appears to be about 20 ft thick (Brown
and Caldwell, 1995). The screen length of P39-O is 355 ft and the screen length for 039-0 is 415
ft. The data appears to be good and suitable for analysis (Figure 29A). In fact, this data set is one

of the best sets available from the Florence site.

The type curve selected for interpreting the pumping well data (P39-O) corresponds to a 2D
homogeneous flow model, with a Cpe® parameter equal to 100. This value results in a skin
coefficient of -1.8 (Figure 29B). As shown in the log-log plot (Figure 29C), the match between the
data and the type curve is good. The hydraulic conductivity estimate is 0.3 ft/day and the estimate

for the storage coefficient is 9.6 x 10™.

The type curve analysis for the data from observation well 039-O corresponds to a 2D homogeneous
flow model, with a Cpe* parameter equal to 2.0 (Figure 29D). As shown in this log-log plot (Figure
29E), the match between the data and the type curve is good. The hydraulic conductivity estimate
is 0.3 ft/day and the estimate for the storage coefficient is 4.3 x 10*. Although the oxide zone is
overlain by more than 300 ft of basin fill sediments, the flow lines resulting from pumping P39-O

seem to remain confined within the oxide zone and no effects of 3D flow or leakance are observed.

Aquifer Test on P49-O

The aquifer test conducted on well P49-O consisted of a constant discharge of about 40 gpm. Two
observation wells were monitored during this test; well 049-0, completed in the oxide zone, and
well 049-GL completed in the Lower Basin Fill Unit. These wells are located on the southwest
corner of the proposed mine area. The oxide zone in this location ranges in depth from about 400
ft to 600 ft bgs and has a thickness which varies from 500 to 300 ft towards the west. (Brown and
Caldwell, 1995). P49-O and 049-O have screen lengths of 415 ft and 395.6 ft respectively, which
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were designed to penetrate nearly all of the oxide zone. Depending on the interconnection between
the LBFU and oxide zone, pumping on P49-O may produce a hydraulic response typical of partial
penetration. Well O49-GL is located near well 049-0, however its screened interval (60 ft) is about
200 ft above the top of the screen of the oxide well. More than 180 ft of drawdown in the pumping
well rendered the pressure transducer dry (Figure 30A). Pressure response on the observation wells
was relatively clean, with well 049-O showing a drawdown of about 95 ft, and 049-GL showing
about 0.5 ft. The hydraulic connection between the oxide zone and the LBFU seems fairly limited
in this location. No other wells were reported in operation during this test, so the quality of the data
is good. As mentioned before, only partial data was collected during drawdown in the pumping

well, so the hydraulic conductivity for this test was estimated from the shut in data.

The log-log plot (Figure 30C) for the pumping well P49-O shows that a 3D model represents the
observed data quite well. This type curve match results in a hydraulic conductivity of 0.1 ft/day and
a specific storage of 2.3 x 10 1/ft (Figure 30B). Observation well 049-0, on the oxide zone, shows
a drawdown versus time curve which can be represented by a three-dimensional model.
Interpretation with this model yields a hydraulic conductivity of 0.1 /ft/day and a specific storage
of 5.4 x 10°® 1/ft (Figures 30D and 30E). The data set collected from observation well 049.-GL is

too short, so a unique set of parameters can not be defined.

Regional Aquifer Test WW-3

Two regional tests were conducted, one with BIA-9 as the pumping well and the other with WW-3.
However, the data from the BIA-9 test was not analyzed as it was strongly affected by pumping in
nearby wells. The regional aquifer test with well WW-3 was conducted at an average pumping rate
of about 1,984 gpm. The well was screened mostly in the oxide zone with a small fraction extending
into the basin fill unit. Sixteen observation wells were used during the test. Eight of these (P28.1-O,

P28.2-0, 028.1-0, P15-0, 015-0, 012-0, OB7-1, and O19-0) were completed in the oxide zone.
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Six observation wells (028-GL, P15-GL, O12-GL, O3-GL, M14-GL, and O19-GL) were completed
in the Lower Basin Fill Unit and one (M15-GU) was completed in the Upper Basin Fill Unit. The
mine air shaft was also used as an observation well, however, completion information for this well
is not available. The screen length on the other wells varies for about 30 ft on O28-GL to more then
700 ft on P15-0O, while the thickness of the aquifer layer containing the wells varies from about 100
ft to 1,000 ft. The oxide zone contains various fault zones which may have a significant effect on

the hydraulic conductivity.

With the exception of OB7-1 and M15-GU, the data recorded in the observation wells is fair to good
(Figures 31A-31D). The pressure transducer in OB7-1 was reported to be malfunctioning during
the test and no pressure response for this observation well was observed. The pressure data for M15-
GU is noisy and appears to have been affected by nearby pumping, although, no wells were reported
to be operating during the test other than well WW-3. Drawdown in the observation wells ranged
from about two ft in wells P28.1-0, P28.2-0, 028.1-0, and O28-GL to about 33 ft in P15-O. M15-
GU showed about 100 ft of drawdown, but, as previously mentioned, the drawdown in this well
appears to have been affected by a nearby pumping well. No drawdown data was recorded in the

pumping well WW-3.

Well cluster 28 is the farthest from the pumping well at a distance of about 3,000 ft and shows
drawdown of about 2 ft. As expected, the response of P28.1-O, P28.2-O and 028.1, which are all
screened in oxide is similar. However, it is worth noting that O28-GL shows an almost identical
response, despite being screened in LBFU. This indicates that either (a) the LBFU and oxide are
hydraulically connected at this location or (b) the conductivity of LBFU and that of oxide
interspersed with faults are comparable. Another important observation from drawdown data for this
well cluster is that the recovery of all of the wells went beyond the static water level. Since no other

well was reported pumping during this test, it is not clear what caused this behavior.

The Log-log plot for P28.1-O (Figure 31F) shows a poor fit of the data to the type curve. The 2D
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interpretation results in a hydraulic conductivity of 29.9 ft/day (Figure 31E) and an estimated storage
coefficient of 4.0 x 10, These values represent the properties of the quartz monzonite and
granodiorite into the fault zones. Drawdown data for P28.2-O is poorly fitted by the analytical
model. The Log-log plot of these data (Figure 31H) and the associated 2D interpretation gives a
hydraulic conductivity value of 40.5 ft/day and a storage coefficient estimate of 3.0 x 107
Observation well 028.1-O shows a similarly poor fit to the type curve as the previous wells in this
cluster. The Log-log plot (Figure 31J) was interpreted with a 2D model which resulted in a
hydraulic conductivity value of 35.3 ft/day (Figure 31I) and an estimate for the storage coefficient
of 3.4 x 10°. Observation data from well O28-GL results in a similar fit to the analytical model.
The Log-log plot and associated 2D interpretation are shown in Figure 31L. The resulting hydraulic

conductivity estimate is 38.8 ft/day and the storage coefficient estimate is 4.0 x 10~.

Well cluster 15 is the closest to the pumping well at a distance of about 500 ft and shows drawdown
of about 30 ft in oxide and 8 ft in the LBFU. It appears that the two layers are not hydraulically

connected at this location.

Drawdown data for observation well P15-O is good (Figure 31N). A 3D interpretation of these data
yielded a hydraulic conductivity estimate at this well of 1.4 ft/day and a specific storage estimate of
9.3x 107 1/ft. According to the geologic cross-sectional maps, these values represent the properties
of quartz monzonite and granodiorite with minimal effect of fault zone. The hydraulic conductivity
at observation well O15-O is estimated to be 1.3 ft/day (Figure 310) based on a 3D interpretation
for a cylindrical sink. Drawdown data for observation well P15-GL is good. The Log-log plot and
associated 2D interpretation (Figure 31R) shows an acceptable match between the data and the 2D
model response. The hydraulic conductivity estimated from these data is 17.2 ft/day and the storage
coefficient estimate is 1.1 x 102 As seen from the cross-sectional maps, these values represent
average properties of the sand, silt and clay layer and the sand, gravel, and boulder layer of the

LBFU.
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Wells cluster 12 is at about 1,000 ft southwest from the pumping well. Both O12-O and O12-GL

show drawdown of similar order, in spite of being screened in different units.

Observation well 012-O shows good drawdown data. The Log-log plot and associated 3D
interpretation (Figure 31T) shows a fair match between the data and modeled response. The
hydraulic conductivity is estimated to be 0.8 ft/day and the specific storage estimate is 8.5 x 1010
1/ft, which represent the quartz monozonite porphyry. Observation well O12-GL shows good
drawdown data on the Log-log plot (Figure 31V). A 3D interpretation was made of these data which
resulted in a hydraulic conductivity estimate of 1.0 ft/day and a specific storage coefficient estimate

of 1.4 x 10”° 1/ft, representing the sand, silt and clay layer of the LBFU.

The drawdown data for observation well O3-GL is good. The log-log plot and associated 3D
interpretation is shown in Figure 31X. The estimated hydraulic conductivity is 1.8 ft/day and the
specific storage estimate is 2.7 x 10° 1/ft. These values represent the sand, silt and clay layer of the

LBFU.

Observation well M14-GL has good drawdown data. A 3D model was used to interpret these data
(Figure 31Z) which gave an estimate for hydraulic conductivity at this site of 1.4 ft/day and an

estimated specific storage of 1.1 x 10”®° 1/ft.

Well cluster 19 is about 2,000 ft from the pumping well and shows drawdown of about 6 ft.
Drawdown data and a 3D interpretation for observation well 019-O are shown in Figure 31BB. The
results of this interpretation give a hydraulic conductivity estimate of 2.0 ft/day and a specific
storage of 6.2 x 10°'° 1/ft. Observation well O19-GL has good drawdown data from which a 3D
interpretation was made (Figure 31DD). The hydraulic conductivity estimated at this well was 2.4
ft/day and the specific storage was estimated to be 3.01 x 107° 1/ft. These values represent the sand

and gravel layer of the LBFU.
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The drawdown data for the air shaft is acceptable. The log-log plot and associated 3D interpretation
is shown in Figure 31FF. This 3D model resulted in a hydraulic conductivity estimate of 1.9 ft/day

and an estimated specific storage of 1.3 x 10 1/ft.

The Table 4 summarizes the hydraulic conductivity estimates calculated from the regional aquifer
test. Observation wells are grouped into the Basin Fill Unit and Oxide zone. The hydraulic
conductivity ranges from 1.0 to 38.8 ft/day in the Basin Fill Unit and 0.8 to 40.5 ft/day in the Oxide

zone.
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4.0  DISCUSSION

The hydraulic conductivity estimates from aquifer tests in the basin fill are quite variable (Table 2)
and range from 0.9 to 61.3 ft/day, whereas those for the oxide zone vary from 0.1 to 3.6 ft/day. As
expected, the basin fill deposits are about an order of magnitude more conductive than the oxide
zone. Despite difficulties during data collection, the majority of hydraulic conductivity estimates
in the basin fill and oxide zone are reasonable. A large variation in storativity is observed and two
of these estimates are unrealistically large. As commonly found in most field tests, and also
indicated by the Florence data, test analyses in observation wells tend to give more reasonable

storativity estimates than analyses of pumping well data.

The hydraulic conductivity values estimated through the analytical approach are reported in Figure
1. The values reported in this figure were selected from Table 1 in such a way that both the pumping
well and the observation well test the same “unit,” (basin fill or oxide). For locations with multiple
hydraulic conductivity values, the arithmetic average was used. This procedure resulted in eight (8)
spatial locations with conductivity estimates for the basin fill units (UBFU and LBFU), and thirty
three (33) for the oxide.

Based on the information derived from the local tests (including only wells in a particular well

cluster) the following statements can be made:

> the overall quality of the data is poor due mostly to the influence of nearby irrigation well
pumping. However, the estimated hydraulic conductivity for both the basin fill deposits and

the oxide are consistent and of the order of magnitude expected for such geologic materials;
> although there is some evidence of fracture dominated flow near cluster 28 (near the Party

Line Fault), interpretation of the available aquifer test data was accomplished by means of

analytical models which rely on the continuum approach. This indicates that simulation of
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flow with a code such as Modflow is appropriate at the scale of the proposed in-situ leaching

area;

> hydraulic responses from well clusters 12, 19, and 39, located near the Sidewinder Fault, do
not show any indication of discrete-feature dominated flow. Their conductivity estimates

are in fact on the low end of the range for the oxide wells;

> hydraulic conductivity of the basin fill deposits, as expected, decreases with depth (see for

example monitoring wells M14-GL and M15-GU);

> hydraulic connection between the UBFU and the LBFU is not well characterized by the
available test data. No data are available to quantify this connection beyond the west margin

of the proposed in-situ leaching area;

> hydraulic connection between the basin fill deposits and the oxide zone seems limited to non
existent in the vicinity of the proposed in-situ leaching area, except near cluster 28 where

this connection has been identified in the analysis;

Combining the small-scale data with the regional test interpretations yields hydraulic conductivity
estimates that varies over a wider range, from about 0.1 ft/day to over 60 ft/day. The results obtained
from most small-scale pumping tests, as noted before, are strongly affected by nearby pumping and

are therefore given less weight in the following summary.

Separation of the aquifer into basin fill units, and oxide and sulfide zones adequately represents the
hydraulic characteristics of the aquifer. However other factors, for example the grain size
distribution, the degree of consolidation, presence of faults and fractures (at some locations),
considerably alter the hydraulic conductivity. Based on the interpretation of the aquifer tests,

hydraulic conductivity of 1 ft/day to 60 ft/day was obtained for the sand, silt and clay portion of the
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basin fill unit. Higher values are associated with the upper unconsolidated part whereas lower values
occur near the interface with the oxide zone. The conductivity of the sand, gravel and boulder
portion could not be estimated separately from the available tests but is expected to be near the same
order of magnitude. A value of 17 ft/day was obtained for a region of the aquifer containing sand,
silt, clay, gravel and boulders. The hydraulic conductivity of the quartz monzonite and granodiorite
was estimated as 1 ft/day to 2 ft/day (Table 4). The presence of fault zones and associated fracture
networks increases the effective conductivity of the oxide zone to about 40 ft/day over a length scale
of about 3,000 ft (Cluster 28). This value, however, is based on the observations in a single cluster

of wells and needs further verification with carefully planned tests.

It should also be noted that data from cluster 28 show hydraulic head recovery beyond the static head
level therefore parameter estimates from these data may not be reliable. Surprisingly, most of the
small-scale tests show a decrease in the hydraulic conductivity of the oxide zone when faults are
present at or near the test area, except cluster 28. This decrease, however, was not that significant
when compared to the range of conductivity (0.1 to 1.4 ft/day) for the local tests, and may be due

to the influence of other wells pumping nearby.

Analyses of many of the tests described above show the effects from multiple pumping wells with
unknown pumping rate histories. The actual effect of irrigation pumping on the magnitude of the
estimated hydraulic parameters is not well understood. It would depend on whether a particular well
is pumping or shut in after some period of pumping. When a nearby irrigation well is pumping, the
test estimates would probably underestimate the actual aquifer parameters. When that well is
recovering interpretation of the data yield overestimates of the actual parameters. The true effect,
however, needs to be evaluated through analytical studies that simulate typical conditions observed

in the field.

Several of the hydraulic responses for the tests analyzed in this report seem to be represented better

by assuming a 3D flow geometry, possibly due to the partial penetration of wells. Geologic data and
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hydrologic information from the regional test show that the overall behavior of the aquifer, at the
scale of the proposed in-situ mine area, is better represented by a two-dimensional layered model.
However, for some of the local tests, the flow behavior near the well is better represented by a 3D

model.

Of paramount importance for in-situ mining operations and for environmental protection, is the
distinction between porous media flow and flow resulting from discrete hydrologic features. So far,
the available field data indicate that flow at the Florence Site can be generally characterized by a
porous media approach, however, a particular location (cluster 28) shows strong fault controlled
flow, which may result in preferential flow paths. These faults zones can be zones of high
permeability or low permeability depending on the amount of fault gouge present and the age of the
fault. Fractures can also show extreme variation in their permeability depending on whether or not
clays and oxide minerals have been deposited in them. Heterogeneities such as these may be
responsible for some of the peculiar behavior observed in some of the Florence aquifer tests.

Existence of such features should be expected when consideration is given to the geology of the area.
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50 RECOMMENDATIONS

Additional aquifer tests should be conducted in such a way to avoid the complicating factors like
pumping from nearby wells. Since the pumping rate of the irrigation wells is much larger than that
used for the tests, even the wells located far from the irrigation wells show a significant drawdown
due to these wells. Whenever feasible, the irrigation should remain inactive during the test period.
Field data collection should include at least the following: (a) hydraulic head measurement should
be monitored at least one day prior and one day after the test is executed, (b) a detailed report, in
electronic form if possible, on the pumping rates of all the well active during a test should be
obtained, © field data should be processed as gathered to determine anomalous conditions and also
to define when a test should be terminated, and (d) data collection should be continued until

complete recovery to the static water is achieved.

The available field data seems to indicate that the hydraulic connection between the basin fill
deposits and the oxide zone is limited. Not much information is available, however, regarding the
interconnection between the UBFU and LBFU. If necessary, this information could be collected
from several of the existing monitoring well clusters, for example, M6-GU and M7-GL, and M16-
GU and M17-GL on the west margin of the in-situ mine area, M18-GU and M1-GL to the site of this
area, and M10-GU and M11-GL on the east-central portion of this area.

As evidence by the data from the local and regional tests, the hydraulic data produced by these two
types of tests are significantly different. Local tests produce information that is relevant to the
operation of a particular in-situ leaching cluster, whereas the regional tests provide information
related to overall behavior of the system. These latter data should be helpful in determining our
ability to intercept and control migration of fluids away from a leaching cluster. It is our opinion
that more regional tests are needed. The drawdown data should be collected for a sufficiently long
time after the end of pumping, especially in observation wells far from the pumping well. Geologic

features, such as the major faults should be monitored closely to determine their ability to move
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fluids in all directions. If possible, it would be preferable to pump from well that is screened over
a single zone. This would help in determining the nature and extent of hydraulic connection between
the basin fill unit and the oxide zone, and the effect of discrete features. Also, these large scale tests
should be supplemented with more detailed hydrologic evaluation of the local heterogeneity, such
as spinner logger or heat pulse flow meter logs to determine the vertical distribution of the

conductive zones.
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TABLE1 SUMMARY OF AVAILABLE HYDRAULIC TEST DATA
Active | Observation Start End Well Screen | Drawdown| Rate |Summary
Well Wells Date Date Location | Location Data (gpm) Sheet
MI1-GL 11-Aug-95 | 13-Aug-95 X X X 10 X
none
M2-GU 25-Jul-95 | 26-Jul-95 X X X 10 X
M3-GL X X X X
M4-O X X X X
Ms5-S X ? X X
M3-GL 26-Jul-95 | 27-Jul-95 X X X 10 X
M2-GU X X X X
M4-0 X X X X
Ms-S X X X X
M4-O 28-Jul-95 | 29-Jul-95 X X X 15 X
M2-GU X X X X
M3-GL X X X X
Ms-S X ? X X
M10-GU 25-Jul-95 | 26-Jul-95 X X X 15 X
M11-GL X X X X
M12-O X X X X
M13-8 X X X X
M11-GL 29-Jul-95 | 30-Jul-95 X X X 14 X
M10-GU X X X X
M12-O X X X X
M13-S X X X X
M12-0 31-Jul-95 | 1-Aug-95 X X X 15 X
M10-GU X X X X
M11-GL X X X X
M13-S X ? X X
M14-GL 11-Aug-95 | 13-Aug-95 X X X 10.5 X
MI15-GU X X X X
M15-GU 8-Aug-95 | 11-Aug-95 X X X 10 X
MI14-GL X X X X
M18-GU 8-Aug-95 | 11-Aug-95 X X X 10 X
none
P5-O (Modified) 18-Oct-95 | 24-Oct-95 X X X 66.5 X
05.1-0 X X X X
05.2-0 X X X X
PWI1-1 7-Feb-94 | 14-Feb-94 X X X 33 N/A
OBl-1 X X X
523MCC X X X
OB-6 X N/A X
PW2-1 8-Mar-94 | 21-Mar-94 X X X 50 N/A
OB2-1 X X
PW2-2 20-Apr-94 | 2-May-94 X X X 45 N/A
OB2-2 X X X -
PW3-1 24-Mar-94 | 1-Apr-94 X X X 58 N/A
- | 0OB3-1 X X X
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Active
Well

Observation
Wells

Start
Date

End
Date

Well
Location

Screen
Location

Drawdown
Data

Rate
(gpm)

Summary
Sheet

PW4-|

(Test 1)

19-May-94

X

71

OB4-1

X

NA

PW4-1

(Test 2)

23-May-94

31-May-94

X

72

N/A

OB4-1

PW7-1

16-Jun-95

21-Jun-95

OB7-1

03-GL

OB-1

P8.2-0

S E R B

(Test 3?)

P8-GL

P8.1-O0

08-0

08-GL

P8.1-0

8-Sep-95

11-Sep-95

12

(Test 1)

P8-GU

P8.2-0

08-0

08-GU

P8-GU

18-Sep-95

22-Sep-95

85

(Test 2)

P8.1-O

P8.2-0

08-0

08-GU

P12-O0

1-Jun-95

7-Jun-95

64.5

012-0

012-GL

P13.1-O

9-Oct-95

16-Oct-95

46

P13-GL

P13.2-0O

013-0

P15-O

29-Sep-95

5-Oct-95

59

P15-GL

015-0

WW3

BIA-9

P19.1-0

3-Jul-95

6-Jul-95

24

019-0

P19.2-0

0O19-GL

138

P28-GL

20-Sep-95

25-Sep-95

75

o] Rt Rl Rl b Ed F e B E R B E Bl e B Rt e N R R R B I T P

P28.1-0

<5}
-
Y}

P28.2-0

028-GL

028.1-0

0282-S |
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Active
Well

Observation
Wells

Start
Date

End
Date

Well
Location

Screen
Location

Drawdown
Data

Rate
(gpm)

Summary
Sheet

P28.1-0
(Test 1)

P28.2-0

15-Aug-95

18-Aug-95

28.5

P28-GL

028-GL

028.1-0

SIS

028.2-S

[
-
0

P28.1-0

8-Sep-95

11-Sep-95

86

(Test 2)

P28.2-0

P28-GL

028-GL

028.1-0

e Il

028.2-S

P28.2-0

2-Oct-95

5-Oct-95

76

P28-GL

P28.1-0

028.1-0

028-GL

028.2-S

P39-O

19-May-95

20-May-95

56

039-0

P49-O

11-Oct-95

16-Oct-95

41

049-0

049-GL

el e Kl Bl K Bt Rt Rt Kl E el Bl Rt Rl R T e B R N

P T F e Bt Ea R Bl Ead Rt Bt R R S B T A T e

z

o
><><><><><><><><><><><hc’><><><><><c><><><><><

by

bt Ead bl Eel ksl Kl kel R Ee

Regional Test

PMW-3

23-Aug-96

26-Aug-96

2,000

028-GL

P15-GL

O12-GL

03-GL

M14-GL

M15-GL

019-GL

OB7-1

P28.1-0

P28.2-O

028.1-0

P15-O0

015-0

012-0

019-0

Air Shaft

P R e e e e T T R R R R e e F

IR E Bl F R B E EA R E S S S

e e R R Rt Rt Ea T E Ei R T E S E P e el e
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K Ss
Well Active/Observation i (ft/day) ' (1/ft) ,Comments Model Date
3-Dimensional Analyses | |
LBFU | : !
MI1-GL |Active P73 1.8E-4 (1), (2); Fair Confined w/ WBS  11-Aug-95
M3-GL ' Active I 69 2.8E-5 (1), (3); Fair Confined w/ WBS  26-Jul-95
M3-GL Observation (M4-0) 57 | 7.6E-6 (1), (3); Fair Confined 28-Jul-95
M14-GL Active 0.9 | 1.3E-5 i(1), (2); Fair Confined w/ WBS | 11-Aug-95
O19-GL Observation (P19.1-0) 04 | 1.3E-8 .(1),(2),(3);Fair Confined 3-Jul-95
P28-GL Active 3.4 : 1.9E-4 (1), (3); Fair Confined w/ WBS' 20-Sep-95
P28-GL Observation (P28.1-0,2) 1.5 | 6.4E-7 (1); Good Confined 8-Sep-95
028-GL Observation (P28.1-0,2) | 2.0 8.4E-6 !(1); Good Confined 8-Sep-95
P28-GL Observation (P28.2-0) I 1.8 ‘ 4.8E-6 (1), (2), (3) Fair Confined 2-Oct-95
028-GL Observation (P28.2-0) 0.6 | 1.7E-8 {(1), (2), (3) Fair Confined 3-Oct-95
UBFU ’
M15-GU Active 0.9 4.4E-7 (1), (2), (3); Poor Confined w/ WBS| 8-Aug-95
M18-GU Active 52 3.5E-6 |(2); Poor Confined w/WBS  8-Aug-95
OXIDE : i
M4-0 Active 02 | 6.4E-6 |(1), (3); Fair Confined w/ WBS  28-Jul-95
M12-0 Active i 25 | 6.3E-6 |(1),(3); Fair Confined w/ WBS 31-Jul-95
P8.1-0 Active/Recovery 04 - | L1E-5 (1), (2), (3); Poor Confined w/ WBS' 8-Sep-95
P13.1-0 Active 0.2 | 1.2E-7 |Good Confined w/ WBS ' 9-Oct-95
P13.2-0 Observation (P13.1-0) 0.3 - | 5.5E-7 |Good Confined 9-Oct-95
015-0 Observation (P15-0) 0.5 9.7E-7 |(1), (3); Fair Confined 29-Sep-95
P19.1-O0 Active 02 . | 1.1E-7 |(1), (2), (3); Fair Confined w/ WBS, 3-Jul-95
019-0 Observation (P19.1-0) 0.2 - | 3.8E-7 ((1), (2), (3); Fair Confined 3-Jul-95
P19.2-0 Observation (P19.1-0) 0.1« | 44E-8 |(1), (2), (3); Fair Confined 3-Jul-95
P28.2-0 Observation (P28-GL) 1.5. | 5.2E-7 |(1), (3); Fair Confined 20-Sep-95
028.1-0 Observation (P28-GL) 1.2 . | 1.2E-8 |(1), (3); Fair Confined 20-Sep-95
028.2-S Observation (P28-GL) 0.8 ' | 2.1E-8 (1), (3); Good Confined 20-Sep-95
028.1-0 Observation (P28.1-0,2) 0.5 6.8E-8 [(1); Fair Confined 8-Sep-95
028.1-0 Observation (P28.2-0) | 04 1.1E-8 (1), (2), (3); Fair Confined 2-Oct-95
028.2-S Observation (P28.2-0) 04 3.4E-8 (1), (2), (3); Fair Confined 2-Oct-95
P49-0 Active/Recovery Data 0.1 2.3E-6 {Good Confined w/ WBS ' 11-Oct-95
049-0 Observation (P49-0O) 0.1 5.4E-8 Good Confined 11-Oct-95
PWI1-1 Active . 0.  12E-7 |Good Confined w/WBS  7-Feb-94
OB1-1 Observation (PW1-1) 0.3 9.6E-8 'Good Confined 7-Feb-94
523MCC Observation (PW1-1) 0.1 9.6E-8 Poor Confined 7-Feb-94
PW4-1 (#1)  |Active 1.8 3.7E-7 Good Confined w/ WBS ' 19-May-94
Comments |
@) Other wells were pumping during this test at an unknown rate
(2) ;Data indicates recovery over the initial "static" water table
(3) Observation wells show effects of recovery or drawdown
produced by other wells | ‘
Qualifiers Description
Good The reported K value is a good indication of the formation hydraulic conductivity
Fair The reported K value is most likely an under-estimation of the formation conductivity
Poor The reported K value has a large uncertainty due to conditions during test
WBS Well Borehole Storage effects considered

Golder Associates




February 1996 TABLE 2. HYDRAULIC CONDUCTIVITY ESTIMATES 953-2908
K
Well Active/Observation (ft/day) S Comments Model Date
2-Dimensional Analyses
UBFU I
P8-GU Active 61.3 3.2E-6 (1), (3); Poor Confined w/ WBS | 18-Sep-95
OXIDE ‘
P5-O Active 1.3 8.3E-3 |(1), (2), (3); Fair Confined w/WBS | 18-Oct-95
05.2-0 .Observation (P5-0) 2.2 2.3E-2 {(1), (2), (3); Fair Confined 18-Oct-95
PW2-1 Active 0.7 2.2E-3 |{Good Leaky w/WBS 8-Mar-94
OB2-1 Observation (PW2-1) 1.0 1.6E-5 |Good Leaky 8-Mar-94
PW2-2 :Active 0.3 3.4E-5 (1), (2), (3); Fair Leaky w/WBS | 20-Apr-94
OB2-2 ,Observation (PW2-2) 1.1 2.7E-4 |(1), (2), (3); Poor l Leaky | 20-Apr-94
PW3-1 'Active 0.9 1.2E-3 ((1), (2), (3); Fair Leaky w/WBS | 24-Mar-94
OB3-1 |Observation (PW3-1) 0.5 1.6E-4 (1), (2), (3); Poor Leaky 24-Mar-94
PW7-1 Active 0.2 1.9E-3 |(1), (3); Fair Confined w/ WBS| 16-Jun-95
OB7-1 Observation (PW7-1) 0.1 1.3E-4 |(1), (3); Fair Confined 16-Jun-95
P12-O0 {Active 04 4.2E-1 (1), (2), (3); Poor Confined w/ WBS| 1-Jun-95
012-0 iObservation (P12-0) 0.8 9.6E-4 [(1), (3); Poor Confined 1-Jun-95
P39-0 { Active 0.3 1.0E-3 |Good Confined w/ WBS| 19-May-95
039-0 iObservation (P39-O) 0.3 4.3E-4 |Good Confined | 19-May-95
P28.1-O (1) |Active 7.7 N/A (D), (2), (3); Poor Confined w/ WBS| 15-Aug-95
P28.1-0 (2) |Active 3.6 3.5E-2 {(1); Good Confined w/ WBS| 8-Sep-95
P28.2 -0 Observation (P28.1-0,2) 2.7 2.9E-4 |(1); Fair Confined 8-Sep-95
P28.2-O0 Active 31 N/A  [(1), (3); Poor Confined w/ WBS| 2-Oct-95
P15-O Active 0.5 | 1L.3E-2 |(1), 3); Fair Confined w/ WBS| 29-Sep-95
Comments - :
) Other wells were pumping during this test at an unknown rate
2 Data indicates recovery over the initial "static" water table
3) Observation wells show effects of recovery or drawdown
produced by other wells
| l
Qualifiers Description
Good The reported K value is a good indication of the formation hydraulic conductivity E
Fair iThe reported K value is most likely an under-estimation of the formation conductivity
Poor The reported K value has a large uncertainty due to conditions during test |
WBS Well Borehole Storage effects considered

Golder Associates
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February 1996

953-2908

Table 4

Summary of Aquifer Parameters Derived

from the Regional Aquifer Test.

Well _ S K
Identification | | (feet/day)
2-D Interpretations
Basin Fill Deposits
028-GL 4.0E-03 38.8
P15-GL 1.1E-02 17.2

Oxide

P28.1-0 4.0E-03 299
P28.2-0 3.0E-03 40.5
028.1-0 34E-03 353

Well Ss K
Identification | a/ft) | (feet/day)
3-D Interpretations

‘Basin Fill Deposits

O12-GL 1.4E-09 1.0
03-GL 2.7E-09 1.8
M14-GL 1.1E-09 14
019-GL 3.0E-10 24
Oxide

P15-O 9.3E-09 1.4
015-0 7.4E-09 1.3
012-0 8.5E-10 0.8
019-0 6.2E-10 2.0
Air Shaft 1.3E-09 1.9

Golder Associates
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October 1995 953-2908

B Pumping Well M1-GL
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Figure 1A MI1-GL Semi-Log Aquifer Test Plot

M1-GL.ANL, Data Plots Golder Associates



Drawdoun (ft)

18.

8.1

8.81

8.681

DATA SET:
M1-GL.DAT

Tl

IIIIIHI

.

HlHl

i Illl"“

| Illlll[l—l Illlll‘ TTTI o IIIIII‘ TTIm T 818596
AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

Q 18. gal/min
r = 8. ft
8.2088 ft
8.288 ft
488. ft

ARAMETER ESTIMATES:
= 142.6 ft,day
8.881384
8.1189

1.E-85

8.
©.8883887

j L1

] llllHd
1
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| llllnﬂ
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Figure 1B M1-GL AqtesolvT™ Analysis Log-Log Plot



M1-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw = 1.16 m
Hydraulic Conductivity: 2.59E-05 m/sec = 7.34 ft/day
Specific Storage: 5.96E-04 1/m = 1.82E-04 1/ft

Figure 1C M1-GL (3D) FlowDim™ Analysis Summary

Golder Associates
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953-2908
Pumping Well M2-GU
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Figure 2A M2-GU Semi-Log Aquifer Test Plot

PMW?2-GU.ANL, Data Plots Golder Associates
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Figure 3A M3-GL Semi-Log Aquifer Test Plot
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TEST DATA:
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663.4 ft</day
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Figure 3B M3-GL Aqtesolv™ Analysis Log-Log Plot



M3-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened interval
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw= 116 m
Hydraulic Conductivity: 2.42E-05 m/sec = 6.85 ft/day
Specific Storage: 9.14E-05 1/m = 2.79E-05 1/ft

Figure 3C M3-GL 3D) FlowDim™ Analysis Summary

Golder Associates
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953-2908
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Figure 4A M4-O Semi-Log Aquifer Test Plot
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Figure 4B1 M4-O Aqtesolv™ Analysis Log-Log Plot
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DATA SET:
1860. I z ; ; M4-0.DAT
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AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

Q = 15. gal/min
8. ft
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Figure 4B2 M4-O Agqtesolv™ Analysis Log-Log Plot
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DATA SET:
M4-0.DAT
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AQUIFER MODEL:
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SOLUTION METHOD:
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Figure 4B3 M4-O Aqtesolv™ Analysis Log-Log Plot



M4-O

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened interval
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw = 161 m
Hydraulic Conductivity: 7.74E-07 m/sec = 0.22 ft/day
Specific Storage: 241E-051/m = 6.42E-06 1/ft

Figure 4C M4-O (3D) FlowDim™ Analysis Summary

Golder Associates
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M3-GL (M4-O)

Hydraulic Conductivity Calculation for a Cylindrical Source

Golder Associates

PUMPING WELL M4-O OBSERVATION WELL M3_GL
Easting: 651635.2 ft Easting 651636.8 ft
Northing: 743717.4 ft Northing 743685.6 ft
Screen Top: 404.8 ft Screen Top: 2976 ft
Screen Bottom: 4642 ft Screen Bottom: 3377 ft
Surface Elevation 1458.9 ft (amsl) Surface Elevation 1458.8 ft
Radius: 7.62E-02 m Screen Interval Mid-Point: 34782 m
Screen Interval: 18.11 m Distance to Sink: 146 m
Screen Interval Mid-Point: 31224 m

Pseudo-Transmisivity: 3.32E-05 m2/sec

Pseudo-Storage: 3.19E-03

Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

rsw = 1.65 m
Hydraulic Conductivity: 2.01E-05 m/sec = 5.69 ft/day
Specific Storage: 2.49E-05 1/m = 7.60E-06 1/ft
Figure 4E M3-GL (3D) FlowDim™ Analysis Summary
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Figure SA M10-GU Semi-Log Aquifer Test Plot

PM10-GU.ANL, Data Plots Golder Associates



Octoher 1993 933-2908
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Figure 6A M11-GL Semi-Log Aquifer Test Plot
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October 1995 953-2908
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Figure 7A M12-O Semi-Log Aquifer Test Plot
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TEST DATA:
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M12-O Agqtesolv™ Analysis Log-Log Plot



M12-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw = 163 m
Hydraulic Conductivity: 8.72E-06 m/sec = 2.47 ft/day
Specific Storage: 2.06E-05 1/m = 6.29E-06 1/ft

Figure 7C M12-O FlowDim™ Analysis Summary

Golder Associates
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Octoher 1993 9532908

Pumping Well M14-GL
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Figure 8A MI14-GL Semi-Log Aquifer Test Plot

MI14GL.ANL, Data Plots Golder Associates



M14-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw= 161 m
Hydraulic Conductivity: 3.29E-06 m/sec = 0.93 ft/day
Specific Storage: 412E-05 1/m = 1.26E-05 1/ft

Figure 8B M14-GL (3D) FlowDim™ Analysis Summary

Golder Associates
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October 1993 )33.2908

Pumping Well M15-GU
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Figure 9A M15-GU Semi-Log Aquifer Test Plot

M15-GU.ANL, Data Plots Golder Associates



Drawdoun (ft)

DATA SET:
M15-GU.DAT
81,85/96

AQUIFER MODEL:
Leaky

- SOLUTION METHOD:
-] Moench

TEST DATA:
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r
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Figure 9B M15-GU AgqtesolvT™™ Analysis Log-Log Plot



M15-GU

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

Tsw = 116 m
Hydraulic Conductivity: 3.26E-06 m/sec = 0.92 ft/day
Specific Storage: 1.46E-06 1/m = 4.44E-07 1/t

Figure 9C M15-GU FlowDim™ Analysis Summary

Golder Associates
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October 1993 933-2908

__ Pumping Wel  MIS-GU
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Figure 10A M18-GU Semi-Log Aquifer Test Plot

M18-GU.ANL, Darta Plots Golder Associates
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M18-GU

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw= 116 m
Hydraulic Conductivity: 1.84E-05 m/sec = 5.21 ft/day
Specific Storage: 1.15E-06 1/m = 3.50E-06 1/ft

Figure 10C M18-GU (3D) FlowDim™ Analysis Summary

Golder Associates
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933-2908

Pumping Well Ps5-O
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Figure 11A

P3-O Semi-Log Aquifer Test Plot

Golder Associates




February. 1995

953-2908

RAD-HYDC.XLS

FlowDim Analysis File : | P5OD.DAT

Parameter Units
Ty Well radius 0.076 m
M Groundwater viscosity 1.00E-03 |Pas
p Groundwater density 1.00E+03 |kg/m’
C, Total compressibility 5.40E-10 |1/Pa
) Porosity of formation 5.00 %
C Wellbore storage 3.10E-06 |m’/Pa
h Length of aquifer tested 72.54 m

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

$= In(Cpe®*2ndchr,’/C)
2

Match Point Parameters From Analysis

Cpe™ 1.0000E+02

Pm (1/KPa) 5.1000E-02

Tm (hr) 2.4500E+02
Results
'I‘(m:/sec) K (feetmin) K (ft/day) K (m/s) K (cm/s) Skin
3.29E-04 8.93E-04 1.29 4.54E-06 4.54E-04 -3.04

Figure 11B  P5-O FlowDim™ Analysis Summary
Golder Associates
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Figure 11C P5-O FlowDim™ Analysis Log-Log Plot



February. 1993 953-2908

FlowDim Analysis File : 052-OD.DAT |

Parameter Units
Tw Well radius 0.076 m
n Groundwater viscosity 1.00E-03 |[Pas
P Groundwater density 1.00E+03 |kg/m’
C, Total compressibility 5.40E-10 |1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage n/a m’/Pa
h Length of aquifer tested 17.98 m

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2mdchr,’/C)
2

Match Point Parameters From Analysis

2s

CDC- n/a

Pm (1/KPa) 2.1600E-02

Tm (hr) 3.5400E-01
Results o
T(mzl’sec) K (feet/min) K (ft/day) K (m/s) K (cm/s) Skin
1.41E-04 1.54E-03 2.22 7.84E-06 7.84E-04  #HBHAHHH

Figure 11D 05.2-O FlowDim™ Analysis Summary
RAD-HYDC.XLS Golder Associates
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October 1993

~ Pumping Well  PWI-1

933-2908
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Figure 12A PWI-1 Semi-Log Aquifer Test Plot

PW1-1.ANL. Data Plots Golder Associates



Draudouwn (ft)

1060.

168.

18.

8.1

8.01

IIIIHHI

TTTTI]

IIHHM 1Ll

L o o on o o0 o

IIIIHHI | llHHd lIlJHM llllHHl NI

MI LI

|

[s9]
fury
o
[
[y

Time (min)

18. 198. 1868. 16888. 1.E+85

DATA SET:

Pul
2} ¥

AQU

-1.DAT
1?96

IFER MODEL:

Leaky

SOLUTION METHOD:
Moench

TES

U oSSO0
€0

N\
=

RUVUIS UN-1

T DATA:

33. gals/min
8.25 ft
8.25 ft
8.25 ft
768. ft

ARAMETER ESTIMATES:

= 14.23 ftésday
.9816832

Figure 12B PW1-1 AqtesolvT™™ Analysis Log-Log Plot



Drawdoun (ft)

1088.

168.

18.

8.1

8.81

DATA SET:
PU1-1.DAT

T TTTHN

i1 H1Hq

IlllHUl

RALLL IR LR IIIIHH| I IIHHq T T1TH

LU TR IIHHJ IIIIHM IllHHd LA 111l

82/84/96

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

Q = 33. gal/min
r =8.25 ft
8.25 ft
8.25 ft
768. ft

ARAMETER ESTIMATES:
= 26.67 ft/day
8.8881111
91631
1272

11

N

c

i
AN T AR
o o'
oW u

s -

/B

L L L
W

ng:a

8
8681865

.81

6.1 1. 18. 168. 1688. 100068.
Time (min)

Figure 12C PWI1-1 Aqtesolv™ Analysis Log-Log Plot



Draudoun (ft)

DATA SET:

1608. 0B1-1.DAT
llllﬂw IIIHH1 1 IHH"r’lIIH“1 IR R 81,1796

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

33. gal/min
48.9 ft
8.25 ft
8.25 ft
768. ft

PARAMETER ESTIMATES:

T

i8.

| IIIIHH

- e Ble B I =
E0D

\,
-]

8.1
.83872
.328E-85

| llllﬂq

i llIINd
RUDPS U
oo

8.81 L LT IIHHJ | IlHHd Illnﬂd Cpia 111
8.81 8.1 1. 18. 168. 1888. 108808.
Time (min)

Figure 12D OBI-1 Aqtesolv™ Analysis Log-Log Plot



Draudoun (ft)

DATA SET:

188. = 523MCCA . DAT
§| LRALLL R Hlllll| | ll"llll 1 IIIIIIII ] Illlll[l 1 IHIIIII ] Ill: 81./38./96
— - AQUIFER MODEL:
B . Leaky
18. = SOLUTION METHOD:
— Moench
— TEST DATA:
Q@ = 33. galsnin
1. = r = 267.4 ft
= ro= 8.25 ft
- r,= 8.25 ft
- . ¢ b = 768. ft
8.1 = PARAMETER ESTIMATES:
— = T = 128.8 ftl/day
" . S = 1.539E-85
- — r/B= 8.2
B =8.1443
8.81 &= = Su = 8.
— = « =8.81
8.881 ] lllIIl[I ] llllllll | 11 lllll ] llLll_llLI IIIIIIII | Illlllll E1
8.0901 86.81 8.1 1. 18. 198. 1866. 18668.

Time (min)

Figure 12E  523MCC Aqtesolv™ Analysis Log-Log Plot



PW1-1

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name: PW1-1

Sink Radius: 7.62E-02 m

Sink Screened Interval: 1156.82 m
Pseudo-Transmisivity: 2.90E-06 m2/sec
Pseudo-Storage: 3.15E-06
Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

fsw = 790 m
Hydraulic Conductivity: 3.67E-07 m/sec = 0.10 ft/day
Specific Storage: 3.99E-07 1/m = 1.21E-07 1/ft

Figure 12F PWI1-1 (3D) FlowDim™ Analysis Summary

Golder Associates
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0B1-1

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

PW1-1
648742.2
746476.5

360.0

740.0

1477
7.62E-02

115.82,
282.55

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

ft
ft
ft
ft
ft (amsi)
m
m
m

8.69E-06
2.41E-05
1.00

Pseudo-Spherical Radius:

rsw =
Hydrauiic Conductivity:

Specific Storage:

7.90

1.10E-06

3.14E-07

OBSERVATION WELL OoB1-1
Easting 648750.1 ft
Northing 746428.3 ft
Screen Top: 780.7 ft
Screen Bottom: 740.0 ft
Surface Elevation 1476.5 ft
Screen Interval Mid-Point: 218.29 m
Distance to Sink: 246 m
m2/sec

m

m/sec = 0.31 ft/day

1/m = 9.59E-08 1/ft

Golder Associates

Figure 12H OBI-1 3D) FlowDim™ Analysis Summary
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523MCC

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point;

PW1-1
648742.2
746476.5

360.0

740.0

1477
7.62E-02

115.82
282.55

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw =
Hydraulic Conductivity:

Specific Storage:

OBSERVATION WELL 523CMM
ft Easting 648476.0 ft
ft Northing 746502.0 ft
ft Screen Top: 320.0 ft
ft Screen Bottom: 690.0 ft
ft (amsl) Surface Elevation 14765 ft
m Screen Interval Mid-Point: 296.11 m
m Distance to Sink: 816 m
m
3.61E-06 m2/sec
2.66E-04
1.00
790 m
4 57E-07 m/sec = 0.13 f/day
3.16E-07 1/m = 9.62E-08 1/ft

Figure 12J 523MCC (3D) FlowDim™ Analysis Summary

Golder Associates
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October 1193 933.2008

Pumping Well ~ PW2-1

-10 000

2000 - o oo

10.000 : “‘.\
20,000

30.000 i o,
10000
50.000
60.000
70.000
80.000
90.000

1 E-03 | E-02 1 E-01 1 E+00 1 E~01 1 E+02 1 E-03 | E~04 | E-05
Time Since Pumping Started (minutes)

Drawdowu (feet)
et

Observation Well OB2-1

124.000 -
126.000 =
128.000 -
130.000 <
132.000 2
134.000 -
136.000 2
138.000 2
140.000 <
142.000

1 E-03 1 E-02 1 E-0l 1 E+00 1 E+01 1 E+02 1 E-03 1 E+04 1 E+05
Time Since Pumping Started (minutes) f

® oo

Drawdown (feet)

Figure 13A PW2-1 Semi-Log Aquifer Test Plot

PwW2-1.ANL, Data Plots Golder Associates



Drawdoun (ft)

DATA SET:
PUz-1.DAT
82,85/96

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

Q = 58. gal/min
r =8.ft

ro= 8.25 ft
8.25 ft
1688. ft

ARAMETER ESTIMATES:
= 149.5 ftcsday
8.60802183
0.8802181
8.81627

1.5

0.8881955

1848. T I T

[T ITmm

T TTTI
L1t

18.

I llllHq
] llllHd
€
nunon

1 | IIHId
a I

N\,
-~}

8.1

lHq

| llllud
RSP LB

8.01
9.881 6.1 ©6.1 1. 18. 168. 1608. 18888.1.E+85

Time (min)

Figure 13B PW2-1 Aqtesolv™ Analysis Log-Log Plot



Drauwdoun (ft)

188. _::_.I TTT T TTTy T T T 7Ty T lllllnl—l‘rrrg
8.81 i |11un| Cooed cond vavd 1o 111:
8.1 18. 188. 1889. 18668. 1.E+B85

Time (min)

DATA SET:
0B2-1.DAT
82,85.,96

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

Q = 58. gal/min
r =96.9 ft
ro= 8.25 ft

r =08.25 ft

b = 648. ft

PARAMETER ESTIMATES:

T = 229.2 ftésday
S = 1.664E-85
r/B= B.89565

B =8.1771

Su = 8.

« =1.E-85

Figure 13C OB2-1 Aqtesolv™ Analysis Log-Log Plot



October 1993 953-2908

Pumping Well PW2-2

[ J OON
@ .

-20.000
0.000
20.000
40.000
60.000
80.000
100.000
120.000

1 E-03 1 E-02 1 E-01 1 E+00 1 E+01 1 E+02 1 E+03 1 E+04 1 E+05
Time Since Pumping Started (minutes)

Vet

Drawdown (feet)

crertroedrr b

Observation Well OB2-2

-8.000 - ;
-6.000 £ i
-4.000 <

-2.000 ¢ o o ow e o
0.000 - * sl
2.000 N,
4.000 _

6.000
8.000
10.000

1 E-03 1 E-02 1E-01 1 E+00 1 E+01 1 E+02 1 E+03 1 E+04 1 E+05

Drawdown (feet)

Time Since Pumping Started (minutes)

Figure 14A PW2-2 Semi-Log Aquifer Test Plot

PW2-2.ANL, Data Plots Golder Associates



Drawdoun (ft)

pATA SET:
PW2-2.DAT
81,17/96

AQUIFER MODEL:
Leaky

v - SOLUTION METHOD:
Moench

TEST DATA:

@ = 45. gal/min
r = 8.25 ft
8.25 ft
8.25 ft
gea. ft

PARAMETER ESTIMATES:
= 88.11 ft%sday
3.361E-85
8.8081483
8.881882

2.7?

7 .334E-85

1908.

11

168.

14.
c

o'
€

v -

r/B

8.1 Su

«

HHI 1 IIIHHl 1 lllHHl I lIlHH| 't

b
nunnn

| llHHd lIIIHM ||||HM llllHM

8.81
9.981 6.81 8.1 1. 19. 168. 1068.18660.1.E+85

Time (min)

Figure 14B PW2-2 Agqtesolv™ Analysis Log-Log Plot



Draudoun (ft)

DATA SET:
0B2-2.DAT

188. mrmmﬁmwm
[ 82,85/96

18.

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

45. gal/min
49.2 ft
8.25 ft
8.25 ft
ge8. ft

PARAMETER ESTIMATES:

[-2e Bie Bie I =
€0

[ lllll”

1 ] T = 328.6 ft</day
: = S = 8.8882649

. rsB= B8.114

] B = 8.85221

_ Su = 8.

« =08.1
8.1 lIHHM ] llmd llHHM lllel IIHHM Lo 1
.81 0.1 1. 18. 1P8. 1888. 19898. 1.E+B85

Time (min)

Figure 14C OB2-2 Aqtesolv™ Analysis Log-Log Plot



October 1993 93320908

Pumping Well PW3-1

-10.000 ;
-3.000
0000 = ® oo
5.000
10.000
15.000
20.000
25.000 p— F b o b 4 !
1 E-03 1 E-02 I E-01 I E+00 I E+01 I E+02 | E+03 1 E+04 | E+05
Time Since Pumping Started (minutes)

]

Drawdowan (feet)

rrepreTTer e

Observation Well OB3-1

-4.00 -
-2.00
o (R RYWRNDY

2.00 - *

200 1

6.00 1

Drawdown (feet)

10.00 4
12.00 <
14.00 s ¢ = : b et . ot : -t

1 E-03 1 E-02 1 E-01 1 E+00 1 E+01 1 E+02 1 E+03 1 E+04 1 E+05

Time Since Pumping Started (minutes)

Figure 15A PW3-1 Semi-Log Aquifer Test Plot

PW3-1.ANL. Data Plots Golder Associates



Draudoun (ft)

DATA SET:

IIHHW i nlmq IIHHW IIIHNl IIHHW llleI AL ggi;igégﬂr

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

Q = 58. galsmin
r =8.25 ft
ro= 8.25 ft
r,= 0.25 ft

b = 8688. ft

PARAMETER ESTIMATES:
T = 254.4 ft%/day
S = 8.881223

rsB= 8.89

= 4.

160.

T TTIHH

I {1l

14a.

LI

I IlIIHq
o

1

L .lllﬂll A e
L1

1
1 1 11

a.1

IIIH”

W

R

o~

.a817?

| ||||qﬂ

8.01 IIHHM ] Hlmd IIHHM 1||uml IIHHM |1|um| LiEi
f.001 8.01 8.1 1. 148. 1668. 1P66. 10000.
Time (min)

Figure 15SB PW3-1 Agqtesolv™ Analysis Log-Log Plot



Drawdoun (ft)

168. E] TTTH ! llllllll IIERELL I r”l"ll R R
18,

- 3

1. & o 5

8.1 — ) —H

= . 1

8.91 (RNl lllIHI L 1 llllllll | llllllll | llUlJ]]

8.81 8.1 1. 18. 188. 1668. 18488.

Time (min)

DATA SET:
0B3-1.DAT
82-85/96

AQUIFER MODEL:
Leaky

SOLUTION METHOD:
Moench

TEST DATA:

58. gal/min
49.6 ft
B8.25 ft
8.25 ft
888. ft

ARAMETER ESTIMATES:
= 146.5 ftésday
9 .8881585
8.4915

8.9987

8.
8.817

€0

Y o' 0

N\
=

RULVUNIT UL

Figure 15C OB3-1 AqtesolvT™ Analysis Log-Log Plot



October 1993 1332903

Pumping Well PW4-1 {Test

5000 .
0.000 - o o
5.000 -
10.000 =
15.000 :
20.000
25.000 \“M
30.000
1 E-03 1 E-02 1 E-01 1 E~00 1 E=01 1 E-02 1 E+03 1E-04
Time Since Pumping Started (minutes)

Drawdowa (feet)

Observation Well OB4-1

-1.00 -
0.00 M .
1.00 A o *° ¢

2.00

200 Y

4.00 A
5.00

6.00 *
7.00 - o 0 o
2.00 St tngn o °
9.00 — -
1 E-03 1 E-02 1 E-01 1 E+00 1 E+01 1 E-02 1 E+03 1 E+04

Drawdown (feet)

Time Since Pumping Started (minutes)

Figure 16A PW4-1 (Test 1) Semi-Log Aquifer Test Plot

PW4-1.ANL. Dara Plots Golder Associates



Draudoun (ft)

DATA SET:
PU4-1.DAT
8185/96

AQUIFER MODEL:
Leaky

" - SOLUTION METHOD:
Moench

TEST DATA:

Q = 71. gal/min

r=8.ft

r.= 8.25 ft
8.25 ft

868. ft

ARAMETER ESTIMATES:

= 1251.7 ftésday

8.82937

8.881467

1.E-85

7.99

8.82949

1688.

I
]

I
1

[y
©

|l IIIlHI

wag L=y ot
-

| Illlld
€
TR TR TR TR

8.1 llmm |11mM lllmd llHHM lIHHM llHHM LI
8.881 ©6.01 8.1 1. 19. 1g8. 1088. 1080609.
Time (min)

Figure 16B PW4-1 (Test 1) Aqtesolv™ Analysis Log-Log Plot



PW4-1

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage: o 5
Anisotropy Ratio: 1.00

= m2/sec
..

Pseudo-Spherical Radius:

rsw= 748 m
Hydraulic Conductivity: 6.45E-06 m/sec = 1.83 f/day
Specific Storage: 1.02E-06 1/m = 3.08E-07 1/ft

Figure 16C PW4-1 (Test 1) (3D) FlowDim™ Analysis Summary

Golder Associates
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Figure 16D PW4-1 (Test 1) (3D) FlowDim™ Analysis Log-Log Plot



October 1993

-33.000 .
-30.000 -
-25.000
-20.000
-15.000
-10.000
-5.000
0.000
5.000

Dreawdown (fect)

0532008

Pumping Well PW4-1 o (TestD

® e D - D - e —

1 E-03

1 E-02 1 E-0l 1 E-00 | E-01 | E-02 1 E-03 | E~04 | E-05
Time Since Pumping Started (minutes)

Observation Well OB4-1

-8.00
-6.00
-1.00
<2.00
0.00
2.00
4.00
6.00

Drawdown (feet)

ventesssbisnteecelossitiimitbyend

o & ¢ NImARAD

Qoo
QOO ol

1 E-03

1 E-02 1 E-01 1 E+00 1 E+01 1 E+02 1 E-03 | E-04 1 E+05

Time Since Pumping Started (minutes)

Figure 17A PW4-1 (Test 2) Semi-Log Aquifer Test Plot

PW4-1-2. ANL. Daia Plots

Golder Associates



October 1995

953-2908

Pumping Well PW7-1
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PW7-1.ANL, Data Plots

Figure 18A PW?7-1 Semi-Log Aquifer Test Plot

Golder Associates



October 1993

PW7-1DDA.SKN

FlowDim Analysis File : PW7-1dda.fdl
Parameter

t Well radius

vy Groundwater viscosity

p Groundwater density

C Total compressibility

$ Porosity of formation

C Wellbore storage

h Length of aquifer tested

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2ndchr’?/C)
2

Match Point Parameters From Analysis

Cpe

Posc

Tone
Results
L;T(mzfsec_)l_ K (feetmin) K (feet/day) K (m/s) K (cr/s) Skin
3 __ 1.59E-04 0.23 8.10E-07 8.10E-05 -2.10

Figure 18B PW7-1 FlowDim™ Analysis Summary

Golder Associates
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October 1995 953-2908

FlowDim Analysis File : ob7-1dda.fd1
Paramecter

o Well radius

18 Groundwater viscosity

p Groundwater density

(o8 Total compressibility

¢ Porosity of formation

(& Wellbore storage

h Length of aquifer tested

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2mdchr’/C)
2

Match Point Parameters From Analysis

Cpeh
Pon
TDM
Results
T(m%sec) K (feetmin) K(feet/dat) K (m/s) K (cnv/s) Skin
9.40E-05 0.14 4,78E-07 4.78E-05  HHHHHIHH

Figure 18D OB7-1 FlowDim™ Analysis Summary

OB7-1DDA.SKN Golder Associates
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October 1995

953-2908

Pumping Well _ P8.1-0
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Figure 19A P8.1-O Semi-Log Aquifer Test Plot

Golder Associates



P8.1-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name: £ P84-0

Sink Radius: » 7.62E-02'm

Sink Screened Interval: ' 5502 m
Pseudo-Transmisivity: i ,-'5.69E¢OQ: m2/sec
Pseudo-Storage: 1.48E-04
Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

rsw= 418 m
Hydraulic Conductivity: 1.36E-06 m/sec = 0.39 f/day
Specific Storage: 3.54E-05 1/m = 1.08E-05 1/ft

Figure 19B P8.1-O (3D) FlowDim™ Analysis Summary

Golder Associates
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October 1995

Drawdown (feet)

Pumping Well P8-GU
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Figure 20A P8-GU Semi-Loé unifer Test Plot
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953-2908



November 1995 953-2908

FlowDim Analysis File :

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation
Wellbore storage
Length of aquifer tested

el
%

FAe 0O E

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe*2néchr’/C)
2

Match Point Parameters From Analysis

Cpe™
PDH
Tou
Results
T(m%sec) K (feet/min) K (f/day) K (mvs) K (cm/s) Skin
4.26E-02 61.31 2.16E-04 2.16E-02 0.90

Figure 20B P8-GU FlowDim™ Analysis Summary

P8-GUD.SKN Golder Associates
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October 1995 953-2908

Pumping Well P12-O

-20.00
-10.00

0.00 & 6 SoSMMNNEERTIRD
10.00
20.00
30.00

40.00
50.00
60.00 + + + + + +
1 E-02 1E-01 1E+00 1 E+01 i E+02 1 E+03 1E+04 1 E+05
Time Since Pumping Started (minutes)

Drawdown (feet)

Observation Well 012-0

0.00 [ X J

Drawdown (feet)
8
8

60.00 + t + } + ¢ ¢ 4
1 E-02 1E-01 1 E+00 1 E+01 1 E+02 1 E+03 1E+04 1 E+0S
Time Since Pumping Started (minutes)

Observation Well 012-GL

-80.00
-60.00 “
40,00
-20.00

20016 © SSCUAMMAMER oo
20.00
40.00 W
60.00 LS
$0.00 + } t y ¢ } " "
1B02 1501 1 E+00 1E+01 1 E+02 1E+03 1E+04 1 E+05
Time Since Pumping Started (minutes)

Drawdown (feet)

Figure 21A P12-O Semi-Log Aquifer Test Plot
P12-0O.ANL, Data Plots Golder Associates



October 1995 953-2908

FlowDim Analysis File :

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation
Wellbore storage
Length of aquifer tested

FOe om0 E P

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®2ndchr?/C)
2

Match Point Parameters From Analysis

Cpe®

Pow
Tone

Results
2

K (feetymin) K (feet/day) K (m/s) K (cm/s) Skin
2.63E-04 0.38 1.34E-06 1.34E-04 4,27

Figure 21B P12-O FlowDim™ Analysis Summary

P12-ODDC.SKN Golder Associates
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February, 1995 953-2908

FlowDim Analysis File : | 012-0.DAT

Parameter Units
Iy Well radius 0.051 m
7! Groundwater viscosity 1.000E-03 (Pas
p Groundwater density 1.000E+03 |kg/m’
< Total compressibility 5.400E-10 |1/Pa
¢ Porosity of formation 10.00 %
C Wellbore storage N/A m’/Pa
h Length of aquifer tested 15240 |m

Skin Factor Calculation
; Assuming formation storativity, the skin factor (s)
can be calculated from the following equation. 1

$= In(Cpe*2médchr,’/C)
i 2

A

Match Point Parameters From Analysis

Cpe™ N/A
Pm (1/KPa) 5.0164E-02
Tm (hr) 1.0792E+00
Results
T(m%sec) K (feet/min) K(feet/dat) K (m/s) K (cm/s) Skin
| 4.05E-04  5.23E-04 0.75 2.66E-06 2.66E-04  #iHHiHAH

Figure 21D 012-0O FlowDim™ Analysis Summary
RAD-HYDC.XLS Golder Associates
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October 1995

953-2908
Pumping Well P13.1-O
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Figure 22A P13.1-O Semi-Log Aquifer Test Plot

P13-1-0O.ANL, Data Plots Golder Associates



P13.1-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw = 13.05 m
Hydraulic Conductivity: 6.14E-07 m/sec = 0.17 ft/day
Specific Storage: 4.05E-07 1/m = 1.24E-07 1/ft

Figure 22B P13.1-O (3D) FlowDim™ Analysis Summary

Golder Associates
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P13.2-0

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL OBSERVATION WELL
Easting: Easting

Northing: Northing

Screen Top: Screen Top:

Screen Bottom:
Surface Elevation SRR
Screen Interval Mid-Point: .
Distance to Sink:

Screen Bottom:

Surface Elevation

Radius:

Screen Interval:

Screen |nterval Mid-Point:

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw= 13.06 m
Hydraulic Conductivity: 1.04E-06 m/sec = 0.30 ft/day
Specific Storage: 1.82E-06 1/m = 5.53E-07 1/ft

Figure 22D PI13.2-O (3D) FlowDim™ Analysis Summary

Golder Associates
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October 1993

Pumping Well P15-O

953-2908
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Figure 23A P15-O Semi-Log Aquifer Test Plot

P15-0.ANL, Data Plots Golder Associates



November 1995

P150D.SKN

FlowDim Analysis File :

FOAOeLOE

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation

Wellbore storage
Length of aquifer tested

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

ln(CDe2‘2n¢thw2/C)

2

Results

Match Point Parameters From Analysis

Cpe®

PDI(
Tou

T(m%sec) K (feevmin) K (ft/day) K (m/s) K (cnvs)

0.50 1.7SE-06 1.75E-04

Skin
-5.02

Figure 23B P15-O FlowDim™ Analysis Summary

Golder Associates

953-2908
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Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval.

Screen Interval Mid-Point;

P15-O

647596.4 |t
745428.6 ft

580

1300.5 - ft
1468 . ft (amsl)

7.62E-02 m

| 219.61'm

160.86 m

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

sw =
Hydraulic Conductivity:

Specific Storage:

1.86E-06 m/sec =

3.18E-06 1/m =

- 2.56E-05 m2/sec
2.24E-04

13.78 m

BSERVATION WELL 015-0
Easting 647508.4 ft
Northing 745376.9 ft
Screen Top: 632.2 - ft
Screen Bottom: 1295.6  ft
Surface Elevation 1467.5  ft
Screen Interval Mid-Point: 153.50 m
Distance to Sink: 312 m

0.53 ft/day
9.68E-07 1/ft

Golder Associates

Figure 23D 015-0 3D) FlowDim™ Analysis Summary
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October 1995

953-2908

Pumping Well P19.1-0
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Figure 24A P19.1-O Semi-Log Aquifer Test Plot

P19-1-0.ANL, Data Plots Golder Associates



P19.1-O0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name: P19.1-0

Sink Radius: 7.62E-02' m

Sink Screened Interval: +60.35 m
Pseudo-Transmisivity: 2.36E-06 m2/sec
Pseudo-Storage: 1.60E-06
Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

Isw = 452 m
Hydraulic Conductivity: 5.22E-07 m/sec = 0.15 f/day
Specific Storage: 3.54E-07 1/m = 1.08E-07 1/it

Figure 24B P19.1-O (3D) FlowDim™ Analysis Summary

Golder Associates
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019-0

Hydraulic Conductivity Calculation for a Cylindrical Source

P ING WE P19.1-0 OBSERVATION WELL 019-0
Easting: 6484279 ft Easting 648359.5 - ft
Northing: 747345.8 ft Northing 747350.4 ft
Screen Top: +402.25 ft Screen Top: 409.8 . ft
Screen Bottom: 600.45 . ft Screen Bottom: 6076 ft
Surface Elevation 1483 ft (amsl) Surface Elevation 1482.7 - &
Radius: 7.62E-02 m Screen Interval Mid-Point: 296.88'm
Screen Interval: 60.41'm Distance to Sink: 209 m
Screen Interval Mid-Point: 299.21/m

Pseudo-Transmisivity: ~ * *3.06E-06' m2/sec

Pseudo-Storage: " 1.19E-04

Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

rsw= 452 m
Hydraulic Conductivity: 6.76E-07 m/sec = 0.19 fi/day
Specific Storage: 1.23E-06 1/m = 3.75E-07 1/ft

Figure 24D 019-0 (3D) FlowDim™ Analysis Summary

Golder Associates
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P19.2-0

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPI LL P19.1-0 OBSERVATION WELL P19.2-0
Easting: 648427.9 ft Easting 648397.1 ft
Northing: 7473458 ft Northing 747413.6 ft
Screen Top: 402.25 ft Screen Top: 4045  ft
Screen Bottom: 600.45 - ft Screen Bottom: 602.0 . ft
Surface Elevation 271483 - ft (amsl) Surface Elevation 1482.6  ft
Radius: ~7.62E-02 m Screen Interval Mid-Point: 298.51 m
Screen Interval: 60.41:m Distance to Sink: 227 m
Screen interval Mid-Point: -~ 299.21|m

Pseudo-Transmisivity: 2.23E-06 m2/sec

Pseudo-Storage: 1.65E-0

Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

sw = 452 m
Hydraulic Conductivity: 4.93E-07 m/sec = 0.14 ft/day
Specific Storage: 1.45E-07 1/m = 4.41E-08 1/ft

Figure 24F PI19.2-O (3D) FlowDim™ Analysis Summary

Golder Associates
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019-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

Figure 24H O19-GL (3D)

P19.1-0

648427.9 f
7473458 ft
402.25 ft
60045 ft
1483 ft(amsl)
7.62E-02 m
60.41:m

299.21|m

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

sw =
Hydraulic Conductivity:

Specific Storage:

1.49E-06 m/sec =

441E-08 1/m =

6.72E-06 m2/sec
351E-05

452 m

Golder Associates

OBSERVATION WELL 019-GL
' Easting 648233.6 ft
-+ Northing 7473569.3 ft
-Screen Top: 375.0 ft
Screen Bottom: 4351 ft
Surface Elevation 1481.7 ft
Screen Interval Mid-Point: 328.16'm
Distance to Sink: 60.0 m

0.42 ft/day
1.34E-08 1/ft

FlowDim™ Analysis Summary
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October 1995

953-2908

P28-GL.ANL, Data Plots

Pumping Well P28-GL
0000 oo
- . ’\
£ 50000 o
. %o
F3
-
-
§ 100.000
Q
150.000 + + + + % + iy
1 E-02 1E-0l 1 E+00 | E+01 1 E+02 1E+03 | E+04 1 E+0S
Time Since Pumping Started (minutes)
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& 10000
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a
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<
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Figure 25A P28-GL Semi-Log Aquifer Test Plot

Golder Associates



P28-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw= 092 m
Hydraulic Conductivity: 1.21E-05 m/sec = 3.42 ft/day
Specific Storage: 6.37E-04 1/m = 1.94E-04 1/ft

Figure 25B P28-GL (3D) FlowDim™ Analysis Summary

Golder Associates
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028-GL (P28-GL)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

P28-GL
651085.7
745535.8

279.0

309.0

1464
6.35E-02

9.14|
356.62

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

sw =
Hydraulic Conductivity:

Specific Storage:

OBSERVATION WELL 028-GL
ft Easting 650966.7 | ft
ft Northing 745592.7 | ft
ft Screen Top: 267.7 |ft
ft Screen Bottom: 306.8 |ft
ft (amsl) Surface Elevation 1464.8 ft
m Screen Interval Mid-Point: 358.92/m
m Distance to Sink: 40.2|m
m
2.70E-06' m2/sec
2.18E-05
1.00
092 m
2.93E-06 m/sec = 0.83 ft/day
1.24E-08 1/m = 3.78E-09 1/ft

Figure 25D 028-GL (3D)

Golder Associates

FlowDim™ Analysis Summary



[ed¥] (0d-d) ‘0dd

00+300€ =V Bof-807: 3dAL 107d

10+3LEY =) uopisodiodns oN : IJAL NOILISOdHIANS

- §0-361'Z =S UoRBAJSSqO IdAL T13M
sizw 903697 =1 9jRJ JUBISUDD :SNOILIGNOD AWVANNOS

fAe[e)

$noousBowio : 300N MO

13

ad‘aqd

oL

ol

"0b ‘ol 01
[ul own pesdey

$918R0SSY Joplod (9)
Qy} Z UOSIOA LIQMO)J

o1

19924 "Budd / w9 "My
19820 / o¥S eduasotd

Figure 25E 028-GL (3D) FlowDim™ Analysis Log-Log Plot



P28.2-0O (P28-GL)

Hydraulic Conductivity Calculation for a Cylindrical Source

P WEL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

Figure 25F P28.2-0 (3D)

P28-GL

651085.7
745535.8
279.0
309.0

1464

6.35E-02'

9.14

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

ft
ft

Tt
ft

ft (amsl)
m
m
m

356.62

OBSERVATION WELL
Easting

Northing

Screen Top:

Screen Bottom:
Surface Elevation

Screen Interval Mid-Point:

Distance to Sink:

4.93E-06: m2/sec

Pseudo-Spherical Radius:

sw =
Hydraulic Conductivity:

Specific Storage:

P28.2-O
651118.2 ft
745516.2 ft
398.3 it
497.0 ft
14654 ft

310.21'm
' 18.3 m

6:15E-04

1.00

0.92 m
5.36E-06 m/sec = 1.52 ft/day
1.69E-06 1/m = 5.17E-07 1/ft

Golder Associates

FlowDim™ Analysis Summary
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028.1-O (P28-GL)

Hydraulic Conductivity Calculation for a Cylindrical Source

MPING L
Easting:
Northing:
Screen Top:
Screen Bottom:
Surface Elevation
Radius:
Screen Interval:
Screen Interval Mid-Point:

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

" P28-GL
651085.7 ft
745535.8 ft
279.0 ft
309.0 ft
1464 - ft (amsl)
'6:35E-02' m
9.14\m
356.62 m

Pseudo-Spherical Radius:

Hydraulic Conductivity:

Specific Storage:

Figure 25H 028.1-0 (3D)

OBSERVATION WELL
Easting

Northing

Screen Top:

Screen Bottom:
Surface Elevation

Screen Interval Mid-Point:

Distance to Sink:

' “3/94E-06 m2/sec

028.1-O0
651027.9 ft
745652.0 ft

13947 ft

4937 - ft
14646 ft

311.02 m
42.0m

. T.T8E-05
1.00
rsw= 092 m
4.28E-06 misec = 1.21 ft/day
4.07E-08 /m = 1.24E-08 1/ft

Golder Associates

FlowDim™ Analysis Summary
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028.2-S (P28-GL)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL P28-GL BSERVATION WEL 028.2-S
Easting: 651085.7 ft Easting 651124.0 it
Northing: 745535.8 ft Northing 745621.1 . ft
Screen Top: 279.0 ft Screen Top: 4544 ft
Screen Bottom: -309.0 ' ft Screen Bottom: 4933 . ft
Surface Elevation g 1464 - ft (amsl) Surface Elevation - 14648 ft
Radius: .6.35E-02' m Screen Interval Mid-Point: 302.04'm
Screen Interval: 9.14 m Distance to Sink: , 33.0im
Screen Interval Mid-Point; 356.62, m

Pseudo-Transmisivity: ' 2.69E-06 m2/sec

Pseudo-Storage: " 7.80E-05

Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

Fsw = 092 m
Hydraulic Conductivity: 2.92E-06 m/sec = 0.83 ft/day
Specific Storage: 6.69E-08 1/m = 2.01E-08 1/t

Figure 25J 028.2-S (3D) FlowDim™ Analysis Summary

Golder Associates
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Qctober 1995

Pumping Well P28.1-0

P28-1-02.ANL, Data Plots
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Figure 26A P28.1-O Semi-Log Aquifer Test Plot
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November 1995 953-2908

FlowDim Analysis File :

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation
Wellbore storage
Length of aquifer tested

FQe9o0O FE P

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2ndchr/C)
2

Match Point Parameters From Analysis

Cpe*
Ppy
Tou

Results
T(m?%

K (feet/min) K (ft/day) K (m/s) K (cm/s) Skin
5.33E-03 7.68 2,71E-05 2.71E-03 -6.69

Figure 26B P28.1-O FlowDim™ Analysis Summary

P281-OAD.SKN Golder Associates
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Figure 26C P28.1-O FlowDim™ Analysis Log-Log Plot



Qctober 1993

Pumping Well P28.1-0

-10 000
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10 000
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Figure 27A P28.1-O (Test2) Semi-Log Aquifer Test Plot

P28-1-O.ANL, Data Plots
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November 1995

Figure 27B P28.1-O (Test 2) FlowDim™ Analysis Summary

P281-OBD.SKN

FlowDim Analysis File :

<

EAePO E

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation
Wellbore storage
Length of aquifer tested

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

In(Cpe®*2ndc hr2/C)

2

Match Point Parameters From Analysis

Cpe®
Pou
Tou
Results
_K (feetymin) K (ft/day) K (m/s) K (cn/s) Skin
: 2.49E-03 3.59 1.26E-05 1.26E-03 -4.18

Golder Associates

953-2908
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Figure 27C P28.1-O (Test2) FlowDim™ Analysis Log-Log Plot



November 1995 953-2908

FlowDim Analysis File :

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation
Wellbore storage
Length of aquifer tested

FOe 9O EFE N

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®2néchr,/C)
2

Match Point Parameters From Analysis

Cpe
Prac
Tou

Results

T(m%sec) K (feevmin) K (ft/day) K (m/s) K (cmv/s) Skin
1.86E-03 2.67 9.43E-06 9.43E-04  #HHHHHHH

Figure 27D P28.2-O (Test 2) FlowDim™ Analysis Summary

P282-OBD.SKN Golder Associates
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028.1-0 (P28.1-O #2)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMP! E
Easting:

Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

P28.1-O

650998.3 _ ft
745558.5 _ ft
300.0 .ft
400.0 . ft
1464.9 - . ft (amsl)
7.62E-02;m
30.48!m
L 339.82/m

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw=
Hydraulic Conductivity:

Specific Storage:

1.80E-06 m/sec =

2.22E-07 1/im =

OBSERVATION WELL,
Easting

Northing

Screen Top:
Screen Bottom:
Surface Elevation

Screen Interval Mid-Point:

Distance to Sink:

74.59E-06 m2/sec
-~ 8.46E-05;

254 m

028.1-0
‘6510279 ft
745652.0 ft
3947 ' ft
4937 ft
1464.6 ft
311.02!m
31.2m

0.51 f/day

6.76E-08 1/ft

Figure 27F 028.1-0 (3D) (Test 2) FlowDim™ Analysis Summary

Golder Associates
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P28-GL (P28.1-0 #2)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Intervai:

P281-0'"
650998.3
745558.5
- 400.0
1464.9.
7.62E:02,

30.48
Screen Interval Mid-Point: 339.82

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

BSERVATION WELL P28-GL
ft Easting 651085.7. ft
ft Northing 745535.8 ft
ft Screen Top: - 279.0 U ft
ft Screen Bottom: 309.0 ft
ft (amsl)  Surface Elevation 1464  ft
m Screen Interval Mid-Point: 356.62'm
m Distance to Sink: i 28.0 m

m

A136E-05 m2/sec

1.00

Pseudo-Spherical Radius:

fsw =
Hydraulic Conductivity:

Specific Storage:

254 m

5.35E-06 m/sec

2.10E-06 1/m

1.52 ft/day

6.41E-07 1/ft

Figure 27H P28-GL (3D) (Test2) FlowDim™ Analysis Summary

Golder Associates
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028-GL (P28.1-O #2)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL 'P28.1-0
Easting: 650998.3 | ft
Northing: 745558.5 _ ft
Screen Top: °300.0 - ft
Screen Bottom: 400.0 - ft
Surface Elevation 1464.9 ' ft (amsl)
Radius: 17.62E-02' m
Screen Interval: 3048 m

Screen Interval Mid-Point:

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

| 339.82'm

“1.76E-05:
1.00

Pseudo-Spherical Radius:

fsw =

Hydraulic Conductivity:

Specific Storage:

2.54

6.92E-06

2.74E-05

OBSERVATION WELL 028-GL

Easting 650966.7- ft
Northing 745592.7. ft
Screen Top: 1267.7 - ft
Screen Bottom: 306.8 + ft
Surface Elevation - 1464.8 ' ft

Screen Interval Mid-Point: | 358.92'm

Distance to Sink: 15.3 m

m2/sec

m

m/sec = 1.96 ft/day
1m = 8.35E-06 1/ft

Figure 27J 028-GL (3D) (Test2) FlowDim™ Analysis Summary

Golder Associates
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October 1993

Pumping Well P28.2-0

-$00
200
>
g sw O %2 o QQM“&
= 0w
e 1500
$ 0w
£ 2500
8 3000
35.00
3000 ¥ aaaenf
1EM 1E0I | E«00 1 E+01 | E+02 | E+03 1E+04
Tiene Slevce Pumping Started (minutes)
Observation Well P28.1-0
-1.00
3 030
T
s 0.00 * € & 4SSN
H
a 0.50
1.00 +
1E02 1E01 1 E+00 1E+0! 1E+02 1E+03 | E+04
Tume Since Pucaping Started (minutes)
Observation Well P28-GL
-5.00
$ 0w
i * ® o0
F
H 5.00
a
10.00 + & "
1E0 1E0! 1 E+00 1 E+01 1E+02 1E+(3 1 E+04
Time Since Pumping Started (minutas)
Observation Well 028.1-0
-5.0 Tlme Stnce Pumping Started (minutes)
3 o0 * o
S
H ¢ o,
i 5.0
x
£ 100
15.0 + +
1E02 1EQ! 1 E+00 1E+0! 1E+02 1E+03 1 E+04
Observation Well 028-GL
-50
0.0
% * L K 3PS
! 30
a
100 + + +
1E02 1E01 1 E+00 1 E+01 1E+02 1 E+03 | E+04
Time Since Pumping Started (minutes)
Observation Well 028.2-S
-5.0
= 00 * L Y
£ o
e 30
'i 0.0
-
a 50
200 ¢ +
1102 1EQt | E«00 1EN 1E+02 1 B3 FEwW
Time Since Pumping Started (minutes)

Figure 28A

P28-2-0.ANL, Data Plots

P28.2-O Semi-Log Aquifer Test Plot

Golder Associates

933-2908



February, 1995

953-2908

RAD-HYDC.XLS

FlowDim Analysis File :

p282-od.dat

Parameter Units
Ty Well radius 0.076 m
n Groundwater viscosity 1.00E-03 |Pas
p Groundwater density 1.00E+03 |kg/m’
C Total compressibility 5.40E-10 |1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage 1.41E-04 |m’/Pa
h Length of aquifer tested 30.18 m
Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.
s= In(Cpe®*2ndchr,’/C)
2
Match Point Parameters From Analysis
Cpe™ 1.0000E+01
Pm (1/KPa) 4.4105E-02
Tm (hr) 5.4115E+00
Results
T(m%/sec) K (feevmin) K (f“day) K (m/s) K (cm/s) Skin
3.30E-04 2.15E-03 3.10 1.09E-05 1.09E-03 -6.53

Figure 28B P28. 2-0 FlowDim™ A
Golder Associates

nalysis Summary
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028.1-0 (P28.2-0)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL P28.2-0 ! VATIO L 028.1-0
Easting: 651118:2 | ft Easting 651027.9: ft
Northing: 745516.2 ft Northing 745652.0 ; ft
Screen Top: 73983 ft Screen Top: 3947 ft
Screen Bottom: 1497.0 | ft Screen Bottom: 493.7  ift
Surface Elevation - 1465.4. - ft (amsl)  Surface Elevation 14646  ft
Radius: "7_.62E-D‘2'5 m Screen Interval Mid-Point: 311.02im
Screen Interval: | 30.08jm Distance to Sink: 49.7'm
Screen Interval Mid-Point: 310.21)m

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw = 252 m
Hydraulic Conductivity: 1.61E-06 m/sec = 0.43 ft/day
Specific Storage: 3.62E-08 1/m = 1.10E-08 1/t

Figure 28D 028.1-0 (3D) FlowDim™ Analysis Summary

Golder Associates
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P28-GL (P28.2-0)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:
Northing:

Screen Top:
Screen Bottom:
Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

P28.2-0

651118.2 ft
745516.2 ft
3983 ft
497.0  ft
1465.4 . ft (amsl)
7.62E-02' m

—_——

30.08'm
T 31021 m

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

sw =
Hydraulic Conductivity:

Specific Storage:

6.24E-06 m/sec =

1.58E-05 /m =

- 1.57E-05 m2/sec
- 209E03

252 m

OBSERVATION WELL ‘P28-GL.

Easting 651085.7 ft
Northing 745535.8 ft
Screen Top: 279.0
Screen Bottom: 309.0 ft
Surface Elevation 1464 - ft
Screen Interval Mid-Point: 356.62 m
Distance to Sink: - 18.3'm

1.77 ft/day
4.80E-06 1/ft

Golder Associates

Figure 28F P28-GL (3D) FlowDim™ Analysis Summary
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028-GL (P28.2-0)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:

Northing:

Screen Top:

Screen Bottom:

Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

‘P282-0 .
651118.2"
1745516.2
13983
- 497.0

114654, - ft (amsl)

_T.62E:02
30.08

31021

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw =

Hydraulic Conductivity:

Specific Storage:

ft
ft
ft
ft

m
m
m

1.94E-06 m/sec =

5.43E-08 1/m =

. /4:88E-06 m2/sec
-/ 6.25E-05,

2.52m

OBSERVATION WELL ~ FO28:GL":

Easting 650966.7. . ft
Northing 7455927 - ft
Screen Top: 2677 ft
Screen Bottom: -306.8  ft
Surface Elevation .1464.8 - ft
Screen Interval Mid-Point: 358.92/m
Distance to Sink: 53.8'm

0.55 ft/day
1.65E-08 1/ft

Figure 28H 028-GL (3D) FlowDim™ Analysis Summary

Golder Associates
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028.2-S (P28.2-0)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL P28.2-O . OBSERVATION WE 028.2-S -
Easting: 651118.2 ft Easting '651124.0 ft
Northing: . 745516.2 - ft Northing '745621.1 ft
Screen Top: 398.3  ft Screen Top: ~4544 ft
Screen Bottom: 497.0 't Screen Bottom: 4933 ft
Surface Elevation ' 1465.4 ~ ft (amsl) Surface Elevation 1464.8 ft
Radius: " 7.62E-02' m Screen Interval Mid-Point; | 302.04 m
Screen Interval: | 30.08,m Distance to Sink: _ 32.1,m
Screen Interval Mid-Point; 310.21'm

Pseudo-Transmisivity: = 3.13E-06 m2/sec
Pseudo-Storage: -~ 4.63E-05
Anisotropy Ratio: 1.00

Pseudo-Spherical Radius:

rsw = 252 m
Hydraulic Conductivity: 1.24E-06 m/sec = 0.35 ft/day
Specific Storage: 1.13E-07 1/m = 3.44E-08 1/ft

Figure 28J 028.2-S (3D) FlowDim™ Analysis Summary

Golder Associates
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October 1995 953-2908

Pumping Well P39-0

0.00 ® o oo
20.00

Drawdown (feet)

120.00 + 3 + + + ; 3 +
1B-04 1 E-03 1E-02 1E-01 1 E+00 1 E+0l 1 E+02 1E+03 1 E+04
Time Since Pumping Started (minutes)

Observation Well 039-O

-5.00
0.00 L J o o0
5.00

10.00

15.00

Drawdown (feet)

25.00 + + t + + y + +
1E-04 1E-03 1E-02 1 E-01 1 E+00 1 E+01 1 E+02 1 E+03 1E+04

Time Since Pumping Started (minutes)

Figure 29A P39-O Semi-Log Aquifer Test Plot
P39-O.ANL, Data Plots Golder Associates



November 1995 953-2908

FlowDim Analysis File :

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation
Wellbore storage
Length of aquifer tested

Qe 9O ED

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2ndchr’/C)
2

Match Point Parameters From Analysis

Cpe™

Pou
Ton

Results

T(m?sec) K (feetmin) K (ft/day) K (m/s) K (cm/s) Skin
0.29 1.04E-06 1.04E-04 -1.76

Figure 29B P39-O FlowDim™ Analysis Summary

MF39PWPD.SKN Golder Associates
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Figure 29C P39-O FlowDim™ Analysis Log-Log Plot



November 1995 953-2908

FlowDim Analysis File :

Parameter

Well radius
Groundwater viscosity
Groundwater density
Total compressibility
Porosity of formation

Wellbore storage
Length of aquifer tested

o T T -

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®2mdchr’/C)
2

Match Point Parameters From Analysis

Results

T(m?/sec) K (feemin) K (ft/day) K (m/s) K (cm/s) Skin
- 2.24E-04 0.32 1.14E-06 114E-04  #iHHiHHH

Figure 29D 039-O FlowDim™ Analysis Summary

MF390WPD.SKN Golder Associates
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October 1995

Pumping Well P49-0

953-2908

-20.000
0.000

40.000
60.000
80.000 1
100.000 -
120.000 -
140.000 -
160.000
180.000

Drawdown (fect)

A o &
20.000 ¢ &S00y
.

1 E-02

1 E-01 1 E+00 1 E+01 1 E+02 1 E+03
Time Since Pumping Started (minutes)

1 E+04

Observation Well 049-O

-20.000
0.000
20.000
40.000
60.000
80.000
100.000 +—

Drawdown (feet)

aal A " PN fay L A il " il

1 E-02

1 E-01 1 E+00 1 E+01 1 E+02 1 E+03
Time Since Pumping Started (minutes)

Observation Well 049-GL

-0.400 1
-0.300 1
-0.200
-0.100 -
0.000 +
0.100 -
0.200 A
0.300
0.400 A
0.500 A
0.600

Drawdown (feet)

*
. L 2 4

aiad " N oy " il P iy . FUME

1 E-02

T T T s T

1 E-01 1 E+00 1 E+01 1 E+02 1 E+03

Time Since Pumping Started (minutes)

1 E+04

P49-0.ANL, Dara Plots

Figure 30A P49-O Semi-Log Aquifer Test Plot

Golder Associates



P49-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw= 851 m
Hydraulic Conductivity: 4.05E-07 m/sec = 0.11 ft/day
Specific Storage: 7.52E-06 1/m = 2.29E-06 1/t

Figure 30B P49-O (3D) FlowDim™ Analysis Summary

Golder Associates



[ed¥] (0d-d) “od-d

00+300¢ =U Boj-607: 3dAL 107
00+3000 =S 91 dn-ping : 3dAL NOILISOdHIINS
- 10-366L = 63108 : 3dAL TIEM
Sew 90-3S¥€ = ejes Wweisuo) 'SNOILIANOD AHVANNOS
edew 90-38L'1 = snoeusbowoH : T300W MO3
ao/a
ot 20 , O o Ot 04
0Ot
@
e ol
\\
1 0] - 7 \\\
¥ -
Q@ -
v
Qo .~
v,
[n ]
> )
o [ ,. 0 m
oAneAL( st s *
. ol ;WQ —— g
] VT v
o 0
¢ 0] weq
0
ALY , 0 o O} .. Ot 2 O
{u] swn pesder3
se18j0088Y 18D]0D (9) A1eA0008Y / BpIX0O

Qy1°Z UOIBIOA Wigmold

O-6rd / BUOZYY ‘euBIOl]

Figure 30C P49-O (3D) FlowDim™ Analysis Log-Log Plot



049-0 (P49-0)

Hydraulic Conductivity Calculation for a Cylindrical Source

PUMPING WELL
Easting:

Northing:

Screen Top:

Screen Bottom:

Surface Elevation
Radius:

Screen Interval:

Screen Interval Mid-Point:

Pseudo-Transmisivity:
Pseudo-Storage:
Anisotropy Ratio:

13612

OBSERVATION WELL
Easting

Northing

Screen Top:

Screen Bottom:

Surface Elevation

Screen Interval Mid-Point:
Distance to Sink:

m

? ”’ m2/sec
e L ﬁ_’ E'-_,Q |

Pseudo-Spherical Radius:

rsw =
Hydraulic Conductivity:

Specific Storage:

8.62 m

2.67E-07 misec 0.08 ft/day

5.38E-08 1/ft

1.76E-07 1/m

Figure 30D 049-0O (3D) FlowDim™ Analysis Summary

Golder Associates
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Figure 31A WW3 Observation Wells Semi-Log Aquifer Test Plot, page 1

PMW3.ANL, Data Plots
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Figure 31B  WW3 Observation Wells Semi-Log Aquifer Test Plot, page 2

PMW3.ANL, Daia Plots

Observ_n__t_igl_l_\y’_e!l_PIS-O

* ® PS
= .
3 ® oo
.
3
£
s
a
1 E+01 1€+02 1 E+03 1 E+04
Time Slace Pumping Started {(minutes)
Observation Well 015-0
H
b
. S e o oo
L &
.
. a
t
L3 |
- i
; Q
l .
: 1 E+01 1E+02 1 E+03 LB |
! Time Since Pumping Started (minutes) _
e
Observation Well P15-GL
i 20 - i
B £ }
i 3 °-°—£ . e & 0000 P !
[}
S0y : 5
E a0 .
3 t
I P 60: }
1 - E
| 8 s0: !
! 100 : |
: TE
X 1E+00 1E%01 18402 1E+03 1Esd |
Time Since Pumping Started (minutes) ‘
Observation Well 012-O
40+ i
00 3 . e o oo
g s0i ®o :
! i— 100 £ i
I OE o150 |
H '§ 200 % |
\ & Bodt :
| 300 §
i 350 £ '
' 1 E+00 1 E+01 1 E+02 1 E+03 | Ev04
! Time Since Pumping Started (minutes)
Observation Well O12-GL
50 -
- 00 . * ® O ¢ e,
g i
2 1003
3 i
FCLE
2 200
20:
| E+00 1El 1E~2 1 E~3 1 E=M

Time Since Pumping Started (minutes)

Golder Associates

1832008



October 1995

Figure 31C ' WW3 Observation Wells Semi-Log Aquifer Test Plot,

PWW3.ANL, Data Plots
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Observation Well O19-GL

20 .
M * * ® & oo

00 i

205

403

Drawdawn (fect)

603
4

30t
1 E+00 1E+0L 1E+02 1 E+«0) 1E+04
Time Since Pumping Started (minutes)

-
SOV

Figure 31D WW3 Observation Wells Semi-Log Aquifer Test Plot, page 4
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P28.1-0

FlowDim Analysis File : W3-P2810.DAT

Parameter Units
Ty Well radius N/A m
i) Groundwater viscosity 1.000E-03 Pas
p Groundwater density 1.000E+03 kg/m3
c Total compressibility 5.400E-10 1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage N/A m’/Pa
h Length of aquifer tested 21123 m

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2ndchr,’/C)
2

Match Point Parameters From Analysis

Units
Cpe™ N/A -
Py (1/KPa) N/A -
Ty (hr) N/A .
Results
ET(mz/sec) K (feet/min) K(feet/day) K (m/s) K (cm/s) Skin
2.23E-02 2.08E-02 29.93 1.06E-04 1.06E-02  #####H##H# |

Figure 31E P28.1-O FlowDim™ Analysis Summary

RDLK-WW3.XLS Golder Associates
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Figure 31F P28.1-O FlowDim™ Analysis Log-Log Plot



pP28.2-0

FlowDim Analysis File : W3-P2820.DAT

Parameter Units
Ty Well radius N/A m
n Groundwater viscosity 1.000E-03 Pas
p Groundwater density 1.000E+03 kg/m’
[ Total compressibility 5.400E-10 1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage N/A m®/Pa
h Length of aquifer tested 211.23 m

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)

can be calculated from the following equation.

$= In(Cpe*2ndchr,’/C)
2

Match Point Parameters From Analysis

Units
Cpe® N/A -
Py (1/KPa) N/A -
Ty (hr) N/A -
Results
T(m%sec) K (feet/min) K(feet/day) K (m/s) K (cm/s) Skin
| 3.02E-02 2.81E-02 40.53 1.43E-04 1.43E-02  #i#HHI##H

Figure 31G P28.2-O FlowDim™ Analysis Summary

RDLK-WW3.XLS Golder Associates
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RDLK-WW3.XLS

FlowDim Analysis File :

028.1-0

W3-02810.DAT

Parameter Units
Ty Well radius N/A m
u Groundwater viscosity 1.000E-03 Pas
p Groundwater density 1.000E+03 kg/m3
C Total compressibility 5.400E-10 1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage N/A m’/Pa
h Length of aquifer tested 211.23 m
Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
; can be calculated from the following equation.
: $s= In(Cpe®*2nédchr,’/C)
2
Match Point Parameters From Analysis
Units
Cpe® N/A -
Py (1/KPa) N/A -
Ty (hr) N/A -
Results
T(m?%sec) K (feet/min) K(feet/day) K (m/s) K (cm/s) Skin |
2.63E-02 2.45E-02 35.30 1.25E-04 1.25E-02  ####HH#HH

Figure 311 028.1-0

FlowDim™ Analysis Summary

Golder Associates
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028.1-GL

FlowDim Analysis File : W3-0281GL.DAT

Parameter Units
I Well radius N/A m
n Groundwater viscosity 1.000E-03 Pas
p Groundwater density 1.000E+03 kg/m’
G Total compressibility 5.400E-10 1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage N/A m’/Pa
h Length of aquifer tested 21123 m

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)

can be calculated from the following equation.

s= In(Cpe®*2nédchr,’/C) I
: 2

Match Point Parameters From Analysis

Units
Cpe™ N/A -
Py (1/KPa) N/A -
Ty (hr) N/A -
Results
T(mzlsec) K (feet/min) K(feet/day) K (m/s) K (cm/s) Skin '
2.89E-02 2.69E-02 38.78 1.37E-04 1.37E-02 ########_5

Figure 31K 028-GL FlowDim™ Analysis Summary

RDLK-WW3.XLS Golder Associates
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P15-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw = 15.17 m
Hydraulic Conductivity: 5.04E-06 m/sec = 1.43 ft/day
Specific Storage: 3.05E-08 1/m = 9.31E-09 1/ft

Figure 31M PI15-0O (3D) FlowDim™ Analysis Summary

SPHK-WW3.XLS Golder Associates
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015-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw= 1517 m
Hydraulic Conductivity: 4 67E-06 m/sec = 1.32 ft/day
Specific Storage: 2.43E-08 1/m = 7.41E-09 1/t

Figure 310 015-0 (3D) FlowDim™ Analysis Summary

SPHK-WW3.XLS Golder Associates
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Figure 31P 015-0 (3D) FlowDim™ Analysis Log-Log Plot



P15-GL

FlowDim Analysis File : W3-P1SGL.DAT

Parameter Units
T, Well radius N/A m
7 Groundwater viscosity 1.000E-03 Pas
p Groundwater density 1.000E+03 kg/m3
< Total compressibility 5.400E-10 1/Pa
¢ Porosity of formation 5.00 %
C Wellbore storage N/A m’/Pa
h Length of aquifer tested 211.23 m

Skin Factor Calculation
Assuming formation storativity, the skin factor (s)
can be calculated from the following equation.

s= In(Cpe®*2n¢chr2/C)
2

Match Point Parameters From Analysis

Units
Cpe™ N/A -
Py (1/KPa) N/A -
Ty (hr) N/A -
Results
rf_(;nz/sec) K (feet/min) K(feet/day) K (m/s) K (cm/s) Skin
f 1.28E-02  1.19E-02 17.18 6.06E-05 6.06E-03  ###HiHiHH#

Figure 31Q PI5-GL FlowDim™ Analysis Summary

RDLK-WW3.XLS Golder Associates
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012-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw = 1517 m
Hydraulic Conductivity: 2.87E-06 m/sec = 0.81 ft/day
Specific Storage: 277E-09 1/m = 8.46E-10 1/ft

Figure 31S 012-0 (3D) FlowDim™ Analysis Summary

SPHK-WWS3.XLS Golder Associates
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012-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Intervail:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw =

Hydraulic Conductivity:

Specific Storage:

Figure 31U 012-GL (3D)

SPHK-WW3.XLS

1617 m
3.53E-06 m/sec = 1.00 ft/day
464E-09 1/m = 1.42E-09 1/ft

FlowDim™ Analysis Summary

Golder Associates
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03-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw = 1617 m
Hydraulic Conductivity: 6.30E-06 m/sec = 1.78 ft/day
Specific Storage: 8.78E-09 1/m = 2.68E-09 1/ft

Figure 31W 03-GL (3D) FlowDim™ Analysis Summary

SPHK-WW3.XLS Golder Associates
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SPHK-WW3.XLS

M14-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:
Sink Radius:

Sink Screened Interval:

Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

fsw =

Hydraulic Conductivity:

Specific Storage:

Figure 31Y MI14-GL (3D)

15.17 m
4.83E-06 m/sec = 1.37 ft/day
3.55E-09 1/m = 1.08E-09 1/ft

FlowDim™ Analysis Summary

Golder Associates
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Figure 31Z MI14-GL (3D)



019-0

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw = 1517 m
Hydraulic Conductivity: 7.19E-06 m/sec = 2.04 ft/day
Specific Storage: 2.03E-09 ¥/m = 6.19E-10 1/t

Figure 31AA 019-O (3D) FlowDim™ Analysis Summary

SPHK-WW3.XLS Golder Associates
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019-GL

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:
Sink Radius:

Sink Screened Interval:

Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

sw =

Hydraulic Conductivity:

Specific Storage:

Figure 31CC 019-GL (3D)

SPHK-WW3.XLS

1517 m
8.50E-06 m/sec = 2.41 ft/day
9.98E-10 1/m = 3.04E-10 1/ft

FlowDim™ Analysis Summary

Golder Associates
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FlowDim™ Analysis Log-Log Plot

Figure 31DD 0O19-GL (3D)



AIR SHAFT

Hydraulic Conductivity Calculation for a Cylindrical Source

Well Name:

Sink Radius:

Sink Screened Interval:
Pseudo-Transmisivity:
Pseudo-Storage:
Distance to Sink:
Anisotropy Ratio:

Pseudo-Spherical Radius:

rsw = 15.17 m
Hydraulic Conductivity: 6.86E-06 m/sec = 1.94 ft/day
Specific Storage: 412E-09 1/m = 1.25E-09 1/ft

Figure 31EE AIR SHAFT (3D) FlowDim™ Analysis Summary
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Figure 31FF AIR SHAFT (3D) FlowDim™ Analysis Log-Log Plot



